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METHOD

REFERENCE TO RELATED APPLICATIONS

Reference is made to the following related applications: United States Application
Serial Number 09/750,990 filed on 20 July 1999 and United States Applicati.t'm Serial
Number 10/409,391. Each of these applications and each of the documents cited in
each of these applications (“application cited documents™), and each ciocum‘ent
referenced or cited in the application cited documents, either in the text or during the
prosecution of those app]ibéﬁons, as well as all arguments in support of patentability
édvanced during such prosecution, are hereby incorporated herein by reference.
. Various documents are also cited in this text (“herein cited documents™). Each of the
herein cited docurriénts, and each document cited or referenced in the herein cited

documents, is hereby incorporafed herein by reference.
FIELD OF INVENTION

The present invention relates to a method for the bioconversion of lipids to produce a
carbohydrate ester and/or a protein ester and/or a protein subunit ester and/or a -

.hydroxy acid ester by use of a lipid acyltransferase.

The present invention further relates to the use of a lipid acyltransferase to bioconvert
a lipid into one or more of the following: a carbohydrate ester and/or a protem and/or a

protein subunit ester and/or and/or a hydroxy acid ester.

The present invention further relates to the use of an immobilised lipia ac&ltransferase
as defined herein, which immobilised lipid acyltransferase may be used in
bioconversion of a lipid in a high water environment to produce one or more of a
carbohydrate ester and/or'a protein ester and/or a protein subunit ester and/or a

hydroxy acid ester.

The present invention yet further relates to an immobilised lipid acyltransferase.
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TECHNICAL BACKGROUND

Lipases have been extensively used in bioconversion of lipids to make high value
products, for example sugar esters, for use in a wide range of industries, including the
food and/or feed industries, the cosmetics and/or skin care industries, the oleochemical
industry and the pharmaceutical industry.

* When bioconversion processes require hydrolysis of lipid substrates, lipolytic enzymes

can be used in high water em_rironinents. However, when bioconversion processes
require interesterification or transesterification reactions such as by a]cohoiysis the use
of lipases in high water envi;onfnents can be detrimental due to unwanted hydrolysis
reactions, ‘which result in unwanted bioproducts and/or lower yields of the

bioconversion product.

Typically, bioconversion processes requiring interesterification  and/or
transesterification have utilised lipases in non-water environments such as in oil
sy&ems and/or in organic solvent éystems such as in butanol, methanol or hexane.
Such systems provide an environment in which both the pblé.r acceptor molecule and
the lipid donor molecule can be at least partially solubilised, and the lipase has
sufficient enzyme activity. Although a small amount of water is required for any

enzymatic activity, the amount of water is strictly maintained at a low level to avoid

'hydrolytlc activity of the enzyme.

Conventionally sugar esters, protein esters or hydroxyacid esters have been produced
by chemical synthesis using inorganic caitalysts. Conventioh bioconversion processes
for the production of sugar esters or hydroxyacid ésters utilise lipases in organic
solvent environments or supercritical fluids where there is only a low amount of (if

any) water present.

Lecointe et al Biotechnology Letters, Vol 18., No. 8 (August), pp869-874 disclose a

study of a number of lipase enzymes and their activity in an aquedus media on the



WO 2004/064987 ' PCT/IB2004/000575

10

15

20

25

30

production of methyl ester or butyl ester from methanol and butanol, respectively,
Lecointe et al teach a lipase/acyltransferase from Candida parapsilosis which as
methanol or butanol concentrations increased showed a reduced hydrolysis activity

and an enhanced capability of the enzyme to produce methyl ester and butyl ester. The

use ‘of a lipasé/acyltransferase from C. parapsilosis in the production .of fatty
hydroxamic acid is taught in Vaysse et al J. of Biotechnology 53A( 1997) 41-46.

Lipase:cholesterol acyliransferases have been known for some time (see for example
Buckley © —' Biochemisty 1983, 22, 5490-5493). T particular,
glycerophospholipid:cholesterol acyl transferases (often referred to as GCATs) have
been found, .which like the plant and/or hammalian lecithin:cholesterol
acyltransferaseé (LCATs), wiil catalyse fatty acid transfer betweeq
phosphatidylcholine and cholésterol. .

Upton and Buckley (TIBS 20, May 1995 p 178»179) and Brumlik and Buckley (J. of
Bacteriology Apr. 1996 p 2060-2064) teach a lipase/acyltransferase from Aeromonas
hydrophila which has the ability to carry out acyl transfer to alcohol acceptors in an

aqueous media.
SUMMARY ASPECTS OF THE PRESENT INVENTION

According to a first aspect of the present invention there is provided a method of
producing one or more of a carbohydrate ester, a protein ester, a pfotein subunit ester
or a hydroxy acid ester, which method comprises admixing an acyl donor, an acyl
acceptor and water to produce a high water environment comprising 5-98% water,
wherein said acyl donor is a lipid substrate selected from one or more of the group
consisting of a phospholipid, a lysophospholipid, a triacylglyceride, a diglyceride, a
glycolipid or a lysoglycolipid and said acyl acceptor is selected from one or more of
the group consisting of a c;arbohydrate, a protein, a protein subunit or a hydroxy acid;
and contacting the admixture with a lipid acyltransferase, such that said lipid
acyltransferase catalyses one or both of the following reactions: alcoholyms -or
h'ansestenﬁcatlon
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-method according to the present invention.

In a further aspect the present invention provides use of a lipid acyltransferase to
produce one or more of a carbohydrate ester, a protein ester, a protein subunit ester or

a hydroxy acid ester by catalysis of one or both of alcoholysis or transesterification in

* an admixture of an acyl donor, an.acyl acceptor and water, which admixture comprises

5—98% water, wherein said acyl donor is a lipid substrate selecte(_i from one or more of
the group consisting of a phospholipid, a lysophospholipid, a triacylglyceride, a
diglyceride, a glycolipid or a lysoglycolipid and said acyl acceptor is selected from one

~ or more of the group consisting of a carbohydrate, a protein, a protein subunit or a

hydroxy acid.

‘In accordance with another aspect of the present invention, there is provided a

carbohydrate ester, a protein ester, a protein subunit ester or a hydroxy acid ester

produced by a method according to the present invention.

In accordance with a further aspect of the ‘present invention, there-is provided a
pharmaceutical, a cosmetic, a foodstuff, a feedstuff, a paint comprising a carbohydmie

ester, a protein ester, a protein subunit ester or a hydroxy acid ester produced by a

In accordance with a further aspect, the present invention provides an immobilised

lipid acyltransferase enzyme as defined herein,
DETAILED ASPECTS OF THE PRESENT INVENTION

The term “lipid acyltransferase” as used herein means anA eénzyme which as well as
having lipase activity (generally classified as E.C. 3.1.1x in accordance with the
Enzyme Nomenclature Recommendations (1 992) of the Nomenclature Committee of
the International Union of Bi'ochemishy and Molecular Biology) also has
acyltransferase activity (generally classified as E.C. 2.3.1.x), whereby the enzyme is
capable of transferring an acyl group from a lipid to one or more of the following

acceptor substrates: g carbohydrate; a protein; a protein subunit or a hydroxy acid.
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Preferably, the “acyl acceptor™ according to the present invention is not water.

In one aspect, preferably the enzyme is capable of transferring an acyl group from a
lipid substrate to a carbohydrate.

The carbohydraie acyl 'accep'tor may be one or more of the following: a
monosaccharide, a disaccharide, an oligosaccharide or a polysaccharide. Preferably,

the carbohydrate is ohe or more of the following: glucose, fructose, anhydrofructose,

'maltose, lactose, sucrose, galactose, xylose, xylooligosacharides, arabinose,

maltooligosaccharides, tagatose, microthecin, ascopyrone P, ascopyrone T or

cortalcerone.
Carbohydrate esters can function as valuable emulsifiers for example in foodstuffs.

In one aspect, preferably the enzyme is capable of transferring an acyl group from a

lipid substrate to a protein and/or a protein subunit.

Preferably the protein sub-unit is ‘one or more of the following: an amino acid, a

protein hydrolysate, a péptide, a dipepﬁde, an oligopeptide, a polypeptide.

Suitable proteins may be one or more of the following: proteins found in a food
ﬁmduct for exémple in a dairy product and/or a meat product. By way of example
only, ‘suitable proteins ‘may be those found in curd or whey, such as lactoglobulm

Other suitable proteins include ovalbumin- (from egg), ghadm glutenin, puroindoline,

. wheat protein, lipid transfer proteins from grains, myosin ﬁom meat, or the following

milk proteins: caseins, lactalbumins and lactoferrins.

Suitably in the protein or protein subunit the acyl .acceptor may be one or more of the
following constituents of the protein or protein subunit: a serine, a threonine, a tyrosine

or a cysteine.
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When the protein subunit is an amino acid, suitably the amino acid may. be any amino
acid. Preferably the amino acid is one or more of a serine, a threonine, a tyrosme ora

cysteine for example.

In one aspect, preferably the enzyme is capable of transferring an acyl group from a
lipid substrate to a hydroxy acld.

Suitably the hydroxy acid may be one or more of the following acids: citric acid,
tartaric acid, lactic acid, ascorbic” acid, glycolic acid, malic acid, alpha-
hydroxyethanoic acid, alpha-hydroxyoctanoic acld alpha-hydroxycapryhc acid,

hydroxycaprylic acid, glucomc ac1d lactobionic acld or maltobionic amd

Sultably the hydroxy acid may be a fruit acid, for example one or more of malic ac1d
lactic acid, tartaric acid, citric acid or glycolic amd

In one embodiment, preferably the hydroxy acid is one or more of the following acids:

citric acid, lactic acid, tartaric acid or malic acid.

The term “hydroxy acid” as used herein means a carboxylic acid in which one or more

hydrogen atom of the alkyl group has been replaced by a hydroxyl group.

In one aspect, the lipid acyltransferase may, as well as being able to transfer an acyl
group from a lipid substrate to one or more of a carbohydrate, a' protein, a protein
subunit or a hydroxy acid, the lipid acyltranferase is additionally able to transfer the
acyl group from a lipid to one or more of the following: a sterol and/or a stanol in

part:cular a phytosterol and/or a phytostanol.

Suitably, when the lipid substrate is a phosphalipid it may be a lecithin, e.g,
phosphatidylcholine. Thé term lecithin as used Therein encompasses
phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol,
phosphatidylserine and phosphatidylglycerol. ' -
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Suitably, when the lipid substrate is a lysophospholipid it may be a lysoleclthm, e.g.
lys0phosphat1dylcholme The term lysophosphatidylcholine as used herein is
synonymous with the term lysolecithin and these terms may be used herein

interchangeably.

Suitably, when the lipid substrate is a glycolipid it may be digalactosyldiglyceride
(DGD__G) for example.

‘ The lipid substrate may be referred to herein as the “hpld acyl donor” or “acyl donor”.

'Ihese terms are used mterchangeably herein.

For some aspects, preferably the lipid substrate upon which the lipid acyltransferase
acts is a phospholipid, such as lecithin, for example phosphatidylcholine.

For some aspects, preferably the lipid subsu-ate is a glycolipid, such as DGDG for

- example.

For some aspects the lipid substrate may be a food lipid, that is to say a lipid
component of a foodstuff,

For some aspects, the lipid acyliransferase according to the present invention may be
incapable, or  substantially incapable, of acting on a triglyceride and/or a 1-

monoglycende and/or 2-monoglyceride.

Suitably, the lipid substrate or lipid acyl donor may be one or more lipids present in
one or more of the following substrates: fats, including lard, tallow and butter fat; oils
including oils extracted from or derived from palm oil, sunflower oil, soya bean oil,
safflower oil, cotton seed oil, ground nut oil, corn oil, olive oil, peanut oil, coconut oil,
and rape seed oil. Lecithin from soya, rape seed or egg yolk is also a suitable lipid
substrate. The lipid substrate may be an oat lipid or- other plant based material
containing galactolipids.
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For some aspects of the present invention, the lipid may be selected from lipids having
a fatty acid chain length of from 8 to 22 carbons.

For some aspects of the present invention, the lipid may be selected from lipids having
a fatty acid chain length of from 16 to 22 carbons, more preferably of from 16 to 20

carbons.

For some aspects of the present invention, the lipid may be selected from lipids having

* a fatty acid chain length of no greater than 14 carbons, smtably from lipids having a

fatty acid chain length of from 4 to 14 carbons, suitably 4 to 10 carbons, smtably 4t08
carbons.

Preferably the acyl donor is not a free fatty acid.
Preferably, the acyl donor is not a carbohydrate (sﬁgar) ester.

Suitably, the lipid acyltransferase according to the present invention may exhibit one
or more of the following lipase activities: glycolipase activity. (E.C. 3.1.1.26),
triacylglycerol lipase'activity (E.C. 3.1.1.3), phospholipase A2 activity (E.C. 3.1.1.4)
or phospholipase Al activity (E.C. 3. 1.1, 32) The term “glycohpase activity” as used

herein encompasses “galactolipase activity”.

Suitably, the lipid acyltransferase according to the present invention may have at least
one or more of the following activities: glycolipase activity (E.C. 3.1. 1.26) and/or

phospholipase Al act1v1ty (E.C. 3.1.1 32) and/or phosphohpase A2 activity (E.C.
3.1.14).

For some aspects, the lipid acyltransferase according to the present invention may have

at least glycolipase activity (E.C. 3.1.1.26).

Suitably, for some aspects the lipid acyltransferase according to the present invention
may be capable of transferring an acyl group from a glycolipid and/or a phospholipid
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to one or more of the following acceptor substrates: a carbohydrate, a protein, a protein

subunit, a hydroxy acid.

For some aspects, preferably the lipid acyltransferase according to the present

* invention is capable of.transferring an acyl group from a glycolipid and/or a

phospholipid to a carbohydrate to form at least a carbohydrate ester.

For some aspects, preferably the lipid acyllransferase according to the present

~ invention is capable of transfemng an- acyl group from a glycolipid and/or a

phosphohpld to a protem ora protem subunit to form at least a protem ester (or a

‘ protein fatty acid condensate) ora protein subunit ester.

The term “protein subunit ester” as used herein means the ester formed from any"
protein subunit, such as a dipeptide ester, an oligopeptide ester, a polypeptlde ester or a

protein hydrolysate ester for example.

For some aspects, preferably the lipid acyltransferase according to the present
invention does not exhibit triacylgly&;erol lipase activity (E.C. 3.1.1.3).

Preferably, the lipid acyltransferase enzyme according to the present invention may be -
characterised using the following criteria:
@) the enzyme possesses acyl transferase activity which may be defined as
ester transfer activity whereby the acyl part of an original ester bond of
a lipid acyl donor is transferred to one or more of a carbohydrate,
protein, protein subunit or hydroxy acid acyl acceptor to form a new-
ester, i.e. a carbohydrate ester and/or a protein ester and/or a protein
subunit ester and/or a hydroxy acid este-r; and
(i) the enzyme comprises the amino acid sequence motif GDSX, wherein -
X is one or more of the following amino acid residues LA V,LFY,
H,Q,T,N,MorS. '
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Preferably, X of the GDSX motif is L. Thus, preferably the enzyme according to the

present invention comprises the amino acid sequence motif GSDL.

The GDSX motif is comprised of four conserved amino acids, Preferably, the serine
within the motif is a catalytic serine of the lipid acyltransferase enzyme. Suitably, the
serinc of the GDSX motif may be in a position corresponding to Ser-16 in deromonas
hydrophila 11polyt1c enzyme taught in Brumlik & Buckley (Journal of Bacteriology
Apr. 1996, Vol. 178, No 7.p 2060-2064)

To determine if a protein has the GDSX motif according to the present invention, the
sequence is preferably compared with the hidden markov model profiles HMM
profiles) of the pfam database. ‘

Pfam is a database of prétcin domain families. Pfam contains  curated multiple
sequence alignments for each family as well as prbﬁle hidden Markov models (profile
HMMs) for identifying these domains in new sequences. An introduction to Pfam can
be found in Bateman A et al. (2002) Nucleic Acids Res. 30; 276-280. Hidden Markov
mo&els are used in a number of databases that aim at classifying proteins, for review
see Bateman A and Haft DH (2002) Brief Bioinform 3; 236-245.

http://www.ncbi.nlm.nih. gov/entrez/gueg fcg1'7cmd—Retneve&db—PubMed&hst uids

=12230032&dopt=Abstract
http://www.ncbi.nlm.mh.gov/entrez/querv.fcgi?cmd=Retrieve&db=PubMed&list uids

=11752314&dopt=Abstract

For a detailed explanation of hidden Markov rﬁodels and hbw they are applied in the
Pfam database see Durbin R, Eddy S, and Krogh A (1998) Biological sequence
analysis; probabilistic models of proteins and nucleic acids. Cambridge University
Press, ISBN 0-521-62041-4. The Hammer software package can be obtained from
Washington University, St Louis, USA.
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Alternatively, the GDSX motif can be identified using the Hammer soﬁware package,
the instructions are provided in Durbin R, Eddy S, and Krogh A (1998) Biological
sequence analysis; probabilistic models of proteins and nuclejc acids. Cambndge.
University Press, ISBN 0-521-62041-4 and the referenceé therein, and the HMMER?2

~ profile provided within this specification.

The PFAM database can be accéssed, for example, through several servers which are

currently located at the fol]owing websites.

http://www.sanger.ac. uk/Soﬁware/Pfam/mdex shtm!
Ep ://pfam.wustl.edu/

hitp:/pfam.jouy.inra.fr/

http://pfam.cgb.ki.se/

The database offers a search facility where one can enter a protein sequence. Usiné the

default parameters of the database the protein sequence will then be analysed for the

presence of Pfam domains. The GDSX domain is an established domain in the

database and as such its presence in any query sequence will be recognised . The
database will return the alignment of the Pfam00657 consensus sequence to the query

sequence.

A multiple alignment, including Aeromonas salmonicida or Aeromonas hydrophila
can be obtained by:
" a) manual
obtain an alignment of the protein of interest with the Pfam00657 consensus
sequence and obtain an alignment.of P10480 with the Pfam00657 cénsensus

sequence following the procedure described above; -
Or

b) through the database
After identification of the Pfam00657 consensus sequence the database offers
the option to show an alignment of the query sequence to the seed alignment of
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the Pfam00657 consensus sequence P10480 is part of this seed ahgnment and
is indicated by GCAT AERHY Both the query sequence and P10480 will be

displayed in the same window.

The Aeromonas hydrophila reference sequence: _
The residues of Aeromonas hydrophila GDSX lipase are numbered in the NCBI file
P10480, the numbers in this text refer to the numbers given in that file which in the

present invention is used to determine specific amino acids residues which, in a

) preferred embodiment are present in the lipid acyltransferase enzymes of -the

invention.

The Pfam alignment was performed (Figure 33 and 34):

The following conserved residues can be recognised and in a preferable embodiment
may be present in the enzymes for use in the compositions and methods of the

invention;

Block 1 - GDSX block
hid hid hid hid Gly Asp Ser hid
28 29 30 31 32 33 34 35 .

Block 2 - GANDY block
hid Gly hid Asn Asp hid
130 131 132 133 134 135

Block 3 - HPT block
His

309

Where 'hid' means a hydrophobic residue selected from Met, Ile, Leu, Val, Ala, Gly,
Cys, His, Lys, Trp, Tyr, Phe.

Preferably the lipid acyltransferase enzyme for use in the compositions/methods of the

invention can be aligned using the Pfam00657 consensus sequence.
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Preferably, a positive match with the hidden markov model profile (HMM proﬁle) of
the pfam00657 domain family indicates the presence of the GDSL or GDSX domain

according to the present invention.

Preferably when aligned with the Pfam00657 consensus sequence the lipid
acyltransferase for use in the cdmpositi()ns/methods of the invention have at least one,
preferably more than one, preferably more than two, of the following, a GDSx block, a
GANDY block, a HPT block. Suitably, the lipid acyltransferase may Have a GDSx
block and a GANDY block. Alternatively, the enzyme may have a GDSx block and a
HPT block. Preferably the enzyme comprises at least a GDSx block. .

Preferably, when aligned with the Pfam00657 consensus sequence the enzyme for use
in the compositions/methods of the invention have at least one, preferably more than

one, preferably more than two, preferably more than three, preferably more than four,

preferably more than five, preferably more than six, preferably more than seven,

preferably more than eight, preferably more than nine, preferably more than ten,
preferably more than eleven, preferably more than .twelve, preferably more than
thirteen, preferably more than foutteen, of the following amino acid residues’ when
compared to the reference A.hydrophilia polypeptide sequence, namely SEQ ID No.
32: 28hid, 2%hid, 30hid, 31hid, 32gly, 33 Asp, 34Ser, 35hid, 130hid, 131Gly, 132Hid,
133Asn, 134Asp, 135hid, 309His

The pfam00657 GDSX domain is a unique identifier which dfstingujshes proteins

possessing this domain from other enzymes.

The pfam00657 consensus sequence is presented in Figure 1 as SEQ ID No. 1. This is
derived from the identification of the pfam family 00657, database version 6, which
may also be referred to as bfam00657.6 herein.

The consensus sequence may be updated by using further. releases of the pfam
database.
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For example, Figufes 33 and 34 show the pfam alignment of family 00657, from

database version 11, which may also be referred to as pfam00657.11 herein.

The presence of the GDSx, GANDY and HPT blocks are found in the pfam family
00657 from both releases of the database. Future releases of the pfam database can be
used to identify the pfam family 00657. )

~ Preferably, the lipid acyltransferase énzyme according to the present invention may be

characterised using the following criteria:.

@) the enzyme possesses acyl transferase activity which may be defined as
ester. transfer activity whereby the acyl part of an original ester bond of
a lipid acyl donor is transferred to one or more of a carbohydrate,
protein, protein subunit -or hydroxy acid acyl acceptor to form a new
ester, i.e. a carbohydrate ester and/or a protein ester and/or a protein
subunit ester and/or a hydroxy acid ester;

(i)  the enzyme comprises the amino acid sequence motif GDSX, wherein
X is one or more of the following amino acid residues L, A, V, LFY,
H,Q, T,N,MorS.; ‘

(iii))  the. enzyine compriscs. His-309 or comprises a histidine residue at a
position corresponding to His-309 in the Aeromonas hydrophila
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2 or SEQ ID No. 32).

Preferably, the amino acid residue of the GDSX motif is L.

In SEQ ID'No. 2 or SEQ ID No. 32 the first 18 amino acid residues form a signal
sequence. His-309 of the full length sequence, that is. the protein including the signal
sequence, equates to His-291 of the mature part of the protein, i.e. the sequence
without the signal sequence.

Preferably, the lipid acyltransferase enzyme according to the present invention
comprises the following catalytic triad: Ser-34, Asp-134 and His-309 or comprises a
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serine residue, an aspartic acid residue and a histidine residue, reépécﬁvely, at
positions corresponding to Ser-34, Asp-134 and His-309 in the deromorigs hydrophila
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2) or Figure 28 (SEQ ID No. 32). As
stated above, in the sequence shown in SEQ ID No. 2 or SEQ ID No. 32 the first 18
amino acid residues form a signal sequence. Ser-34, Asp-134 and His-309 of the full
length sequence, that is the protein including the signal sequence, equate to Ser-16,
Asp-116 and His-291 of the métur_e part of the protein, i.e. the sequence without the
signal sequence. In the pfam00657 consensus'sequence, as given in Figure 1 (SEQ ID
No. 1) the active site residues corresﬁon‘d to Ser-7, Asp-157 and His-348.

Preferably, the lipid acyltransferase enzyme according to the present invention may be
characterised using the following criteria: ' ‘
@) the enzyme possesses acyl transferase activity which may be defined as
ester transfer activity whereby the acyl part of an ori ginal ester bond of
a first lipid acyl donor is transferred to one or more of a carbohydrate,
protein, protein subunit or hydroxy acid acyl acceptor-to form a new
estér, i.e. a carbohydrate ester and/or a protein ester and/or a protein
subunit ester and/or a hydroxy acid ester; and
(i)  the enzyme comprises at least Gly-32, Asp-33, Ser-34, Asp-134 and
His-309 or comprises glycine, aspartic acid, serine, aspartic acid and
histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34,
Asp-134 and His-309, respectively, in the Aeromonas hydrophila
lipolytic enzyme shown in Figure 2 (SEQ ID No. 2) or Figure 28 (SEQ
ID No. 32).

Suitably, the lipid acyltransferase enzyme according to the present invention may be
obtainable, preferably obtained, from organisms from one or more of the following
genera:  Aderomonas, Streptomyces, Saccharomyces, Lactococcus, Mycobacterium,
Streptococcus, Lactobac;illus, Desulfitobacterium,  Bacillus, Campylobacter,
Vibrionaceae, Xylella, Sulfolobus, Aspergillus, Schizosaccharomyces, Listeria,

Neisseria, Mesorhizobium, Ralstonia, Xanthomonds and Candida.
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Suitably, the lipid acyltransferase enzyme according to the present invention may be
obtainable, preferably obtained, from one or more of the following organisms:
Aeromonas hydrophila, Aéromonas salmonicida, Streptomyces  coelicolor,
Streptomyces rimosus, Mycobacterium, Streptococcus pyogenes, Lactococcus lactis,
Streptococcus pyogenes, Streptococcus thermophilus, Lactobacillus helveticus,
Dc_zsulﬁtobacterium dehalogenans, Bacillus sp, Campylobacter jejuni, Vibrionaceae,
Xylella fastidiosa, Sulfolobus .solfataricus,. Saccharomyces cerevisiae, Aspergillus
terreus, Schizosaccharomyces pombe, Listeria- innbcua, Listeria monocytogenes,
Neisseria men;'ngiﬁdis, Mesorhizobium loti, Ralstonia solanacearurﬁ, Xanthomonas

campestris, Xanthomonas axonopodi;s' and Candida parapsilosis.

In one aspect, preferably the lipid acyltransferase enzyme according to the present
invention is obtainable, preferably obtained, from one or more of Aeromonas

hydrophila or Aeromonas salmonicida.

- Suitably, the lipid acyltransferase enzyme according to the present invention comprises

one or more of the following amino acid sequences:

(@) the amino acid sequence shdwn as SEQ ID No. 2 (see Figure 2)

(i) the amino acid sequence shown as SEQ ID No. 3 (see Figure 3)
(iii)  the amino acid séquence shown as SEQ ID No. 4 (see Figure 4)
(iv)  the amino acid sequence shown as SEQ ID No. 5 (see Figure 5)
(v)  the amino acid sequence shown as SEQ ID No. 6 (see Figure 6)
(.vi) the amino acid sequence shown as SEQ ID No. 12 (see Figure 14)
(vii)- the amino acid sequence shown as SEQ ID No. 20 (Figure 16)
(viii) the amino acid sequence shown as SEQ ID No. 22 (Figure 18)
(ix)  the amino acid sequence shown as SEQ ID No. 24 (Figure 20)

(x)  the amino acid sequence shown as SEQ ID No. 26 (Figure 22)

" (xi) the amino acid sequence shown as SEQ ID No. 28 (Figure 24)

(xi1)  the amino acid sequence shown as SEQ ID No. 30 (Figure 26)
(xiii) the amino acid sequence shown as SEQ ID No. 32 (Figure 28)
(x1v) the amino acid sequence shown as SEQ ID No. 34 (Figure 30) or
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an amino acid sequence which has 75% or more identity with any one of the sequences
shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6,
SEQ ID No. 12, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No. 26,
SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32, or SEQ ID No. 34.

Suitably, the lipid acyltransferase enzyme according to the present invention comprises
either the amino acid sequence shown as SEQ ID No. 2 or as SEQ ID No. 3 or SEQ ID
No. 32 or SEQ ID No 34 or comprises. an amino ac1d sequence Wthh has 75% or
more, preferably 80% or more, preferably 85% or more, preferably 90% or more,
preferably 95% or more, identity with the amino acid sequence shown as SEQ ID No.
2 or the amino acid sequence shown as SEQ ID No. 3 or the amino acid- sequence
shown as SEQ ID No. 32 orthe amino acid sequénce shown as SEQ ID No. 34.

For the purposes of the present inventio-n, the degree of identity is based on the number
of sequence elements which are the same. The dégree of identity in accordance with
the present invention may be suitably determined by means of computer programs
known in the art, such as GAP provided in the GCG program package (Program
Manual for the Wisconsin Package, Version 8, August 1994, Genetics Computer

Group, 575 Science Drive, Madison, Wisconsin, US5371 1) (Needleman & Wunsch

(1970), J. of Molecuiar Biology . 48, 443-45) using the following settings for
polypeptide sequence comparison: GAP creation penalty of 3.0 and GAP extension
penalty of 0.1.

Suitably the lipid acyltransferase enzyme according to the present invention comprises

an amino acid sequence which has 80% or more, preferably 85% or more, more

preferably 90% or more and even more preferably 95% or more identity with any one

of the sequences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No.

5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24,
SEQ ID No. 26, SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32, or SEQ ID No. 34.

Suitably, the lipid acyltransferase enzyme according to the present invention comprises

one or more of the following amino acid sequences:
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(a) an amino acid sequence shown as amino acid residues 1-100 of SEQ ID No. 2 or
SEQ ID No. 32;

(b) an amino acid sequence shown as amino acids residues 101-200 of SEQ ID No. 2
or SEQ ID No. 32;

(c) an amino acid sequence shown as amino acid residues 201-300 of SEQ ID No. 2 or
SEQ ID No. 32; or

(d) an amino acid sequence whlch bas 75% or more, preferably 85% or more, more
preferably 90% or more, even more preferably 95% or more identity to any ‘one of

- the amino acid sequences defined in (a)-(c) above.

Suitably, the lipid acyltransﬁ;rase enzyme acnording to the present invention comprises

one or more of the following amino acid sequences:

(a) an amino acid sequence shown as amino acid residues 28-39 of SEQ ID No. 2 or
SEQ ID No. 32; '

(b)- an amino acid sequence shown as amino acids residues 77-88 of SEQ ID'No. 2 or
SEQ ID No. 32;

(c) an amino acid sequence shown as amino acid residues 126-136 of SEQ ID No. 2 or
SEQ ID No. 32;

.(d) an amino acid sequence shown #s amino acid residues 163-175 of SEQ ID No. 2 or

SEQ ID No. 32;

(©) an amino acid sequence shown as amino acid residues 304-311 of SEQ ID No. 2 or
SEQ ID No. 32; or '

() an amino acid sequence which has 75% or more, preferably 85% Or more, more
preferably 90% or more, even more preferably 95% or more ldentlty to any one of

the amino acid sequences defined in (a)-(e) above.

Suitably, the lipid acyltransferase enzyme according to the present invention may
comprise an amino acid sequence produced by the expression or one or more of the
following.nucleotide sequences:

(a) the nucleotide sequence shown as SEQ ID No. 7 (see Figure 9);

(b) the nucleotide sequence shown as SEQ ID No. 8 (see Figure 10);

(c) the nucleotide sequence shown as SEQ ID No. 9 (see Figure 1 D; )
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(d) the nucleotide sequence shown as SEQ ID No. 10 (see Figure 12);

| (e) the nucleotide sequence shown as SEQ ID No. 11 (see Figure 13);

() the nucleotide sequence shown as SEQ ID No. 13 (see Figure 15);
(2) the nucleotide sequence shown as SEQ ID No. 21 (see Figure 17);
(h) the nucleotide sequence shown as SEQ ID No. 23 (see Figure 19);
(i) the nucleotide sequence shown as SEQ ID No. 25 (see Figure 21);
() the nucleotide sequence shown as SEQ ID No. 27 (see Figure 23);
&) the nucleotide sequence shown as SEQ ID No. 29 (see Figure 25);

" (D) the nucleotide sequence shown as SEQID No. 31 (see Figure 27);

(rh)the nucleotide sequence shown as SEQ ID No. 33 (sée Figure 29);

.(n) the nucleotide sequence shown as SEQ ID No. 35 (see Figure 31);

(o) or

a nucleotide sequence which has 75% or more idenﬁty with any one of the sequences
shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No.
11, SEQ ID No. 13, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No. 25, SEQ ID No.
27, SEQ ID No. 29, SEQ ID No. 31, SEQID No. 33 or SEQ ID No. 35.-

Suftably the nucleotide sequence may have 80% or more, preferably 85% or more,
more preferably 90% or more and even more preferably 95% or more identity with any
one of the sequences shown as SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID
No. 10, SEQ ID No. 11, SEQ ID No. 13, SEQ ID No. 21, SEQ ID No. 23, SEQ ID No.
25, SEQ ID No. 27, SEQ ID No. 29, SEQ ID No. 31, SEQ ID No. 33 or SEQ ID No.
35.

In one aspect, the lipid acyltransferase according to the present invention may be a
lecithin:cholesterol acyltransferases (LCAT) or variant thereof (for example a variant

made by molecular evolution)

Suitable LCATSs are known in the art and may be obtainable from one or more of the
following organisms for example: mammals, rat, mice, chickens, Drosophila
melanogaster, plants, including Arabidopsis and -Oryza sativa, nematodes, fungi and
yeast.
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In one embodiment the lipid acyltransferase enzyme according to the present invention
may be the lipid acyltransferase obtainable,. preferably obtained, from the E coli
strains TOP 10 harbouring pPet12aAhydro and pPet12aASalmo deposited by Danisco
A/S of Langebrogade 1, DK-1001 Copenhagen K, Denmark under the Budapest Treaty
on the International Recognition of the Deposit of Microorganisms for the purposes of
Patent Procedure at the Nationél Collection of Industrial, Marine and Food Bacteria
(NCIMB) 23 St. Machar Street, Aberdeen Scotland, GB on 22 December 2003 under
accession nuchrs NiCMB 41204 and NCIMB 41205, respectively. .

"The term “transferase” as used herein is 'intercﬁangeab’le with the term “lipid

acyltransferase”.

Suitably, the lipid acyltransferase as defined herein catalyses one or both of the

following reactions: ttjansésteriﬁcation, alcoholysis.

Thus in accordance with the present invention, one or more of the following
advantageous properties can be achieved: the bioconversion of lipids to form one or
more of a carbohydrate ester, a protein ester, a protein subunit ester or a hydroxy acid
ester can take place in a high water environment which compﬁses no organic solvent
or a reduced amount of organic solvent compared with conventional bioconversion

processes.

The term “bioconversion” as used herein means the modification of one organic
compound to produce another organic compound and/or synthesis of organic

compounds from other organic compounds by enzyme catalysis.

The term “transesterification” as used herein means the enzymatic catalysed transfer of
an acyl group from a lipid donor (other than a free fatty acid) to an acyl acceptor (other
than water). For the avoidance of doubt, the use of the term “transesterification” as

used herein includes transfer of an acyl group from a lipid donor to an acyl acceptor
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(other than-water) where the acyl acceptor comprises a suitable chemical group, which

may for example be either an -OH or —-SH group.

~ As used herein, the term “alcoholysis” refers to the enzymatic cleavage of a covalent

bond of an acid derivative by reaction with an alcohol group ROH so that one of the
prpducts combines with the H of the alcohol group and the other product combines
with the OR group of the alcohol group.

E As used herein, the term “hydrolysié” refers to the enzymatic catalysed transfer of an

acyl group from a lipid to the OH group of a water molecule. Acyl transfer which

results from hydrolysis requires the separation of the water molecule.

The term “mterestenﬁcatlon refers to the enzymatlc catalysed transfer of acyl groups
between a lipid donor and lipid acceptor, wherein the lipid donor is.not a free acyl

group. In other words “interesterification” refers to the interchange of a fatty acid

-between two lipid molecules.

* In one aspect, the lipid acyl transferase as defined herein catalyses interesterification.

Suitably, the method of use accordiné to the present invention may further comprise
one or more of the following steps: dissolving the acyl acceptor in water; adding a
lipid acyl donor to a dissolved acyl acceptor to form a two-phase system or an
émulsion' stirring or sonicating the reaction mixture; heating the reaction mixture, for
example to denature the enzyme; separating the water phase from the fat/emu151ﬁer
phase by standard separation techniques, such as solvent extraction or water
evaporation for example; fractionating the fat phase by hydrophobic interaction
chromatography, crystallisation or high vacuum distillation. Suitably, one or more of
the heating, separating or fractionating steps may be carried out after the reaction has
reached equilibrium.

In one embodiment the lipase acyl transferase for use in the methods of the present
invention may be immobilised. When it is the case that the enzyme is immobilised the
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admixture comprising an acyl donor, an acyl acceptor and water passed through a
column for example comprising the immobilised enzyme. By immiobilising thé

enzyme it is possible to easily reuse it.

~ Suitably the immobilised.enzyme may be.used in a flow reactor or in a batch reactor

coritaining areaction mixture which comprises an acyl acceptor dissolved in water and
a hpld acyl donor as a two-phase system or as an emulsion. The reaction mixture may

be optionally stirred or sonicated. Once the reaction has reached equilibrium. for

' example the reaction mixture and the- immobilised enzyme may be separated.

Smtably, the reaction product may be fractionated for example by hydrophobic

‘interaction chromatography, crystallisation or high vacuum distillation.

Immobilised lipid acyl transferase can be prepared using i@mobilisaﬁon techniques’
known in the art. ‘There are numerous methods of preparing immobilised enzymes,
which will be apparent to a person skilled in the art (for example the techniques
referred to in EP 0 746 608; or Balcao V.M., Paiva A. L., Malcata-F.X., Enzyme
Microb Technol. 1996 May 1;18(6):392-416; or Retz M.T. , Jaeger K.E. Chem Phys
LlpldS 1998 Jun;93(1-2):3- 14; Bomscheuer U.T., Bessler C, Srinivas R, Krishna S.H.
Trends Biotechnol. 2002 Oct; 20(10):433-7; Plou et al, J. Biotechnology 92 (2002) 55-
66; Warmuth et al., 1992 Bio Forum 9, 282-283 Ferrer et al., 2000. J. Chem. Technol.
Biotechnol. 75, 1-8; or Christensen et al., 1998. Nachwachsende Robstoff 10, 98-105;
Petersen and Christenen, 2000, Applied Biocatalysis. Harwood Academic Publishers,
Amsterdam. (each of which is incorporated herein by reference). Techniques which
may be used herein include covalent coupling to Eupergit C, adsoxptlon on

polypropylene and silica-granulation for example

The term “high water environment” as used herein preferably means an environment
which is low in or .absent an orgém'c solvent, preferably low in or absent a polar
organic solvent. The term organic solvent as used herein preferably does not
encompass food oils when used as lipid substrate, and preferably does not encompass
food oils that are high in non-polar lipids for example. Suitably, the high water

environment according to the present invention may comprise less than 50% by
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volume organic solvents, less than 30% by volume organic solvents, more preferably
less than 15% by volume organic solvents; more preferably less than 5%, more
preferably less than 1%, more preferably less than 0.5% by volume organic solvent,

more preferably 0% by volume organic solvents.

When it is the case that a carbohydrate ester is produced in accordance with the present

invention, the carbohydrate ester is preferably an oligosaccharide ester, a

-monosaccharide ester or a disaccharide ester.

Suitably, the carbohydrate ester when produced 'in accordance with the present
invention -may be one or more of the following: glucose ester, fructose ester,
anhydrofructose ester, maltose ester, lactose ester, galactose ester, xylose ester,

xylooligosaccharide ester, arabinose ester, maltoohgosacchande ester, tagatose ester,

sucrose ester, microthecin ester, ascopyrone P ester, ascopyrone T ester or cortalcerone

eéter.

Preferably, the carbohydrate ester when i)roduced in accordance with the present
invention is one or more of the following: a carbohydrate mono-ester, a sugar mono-
ester, an oligosacchafide mono-ester, a trisaccharide mono-ester, a disaccharide mono-
ester, a monosaccharide mono-ester,. a glucose mono-ester, a fructose mono-ester,
anhydrofructose mono-ester, maltose mono-ester, lactose mono-ester, galactose mono-
-ester, Xxylose mono-ester, xylooligosacc_hride mono-ester, arabinose mono-ester,
xha]tooligosaccharide mono-ester, tagatose mono-ester, sucrose mono-ester,

microthecin ester, ascopyrone P ester, ascopyrone T ester or cortalcerone ester.

In one embodiment, the microthecin ester, ascopyrone P ester, ascopyrone T ester
and/or cortalcerone ester may function as an antimicrobial agent. Alternatively or in
addition thereto, the microthecin ester, ascopyrone P ester, ascopyrone T ester and/or

cortalcerone ester may function as one or both of an antioxidant and/or emulsifier.

Preferably, the formation of the carbohydrate ester (if any) in accordance with the

pr%ent invention is mdcpendent of UDP-glucose.
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Preferably, the foodstuff according to the present invention does not comprise UDP-

glucose, or only comprises UDP-glucose in insignificant amounts.

The lipid acyl transferases used in the compositions and methods of the invention have
been found to have unique properties when compared to lipolytic enzymes in that they
have a marked preference for transfer of acyl groups from lipids to acceptors other
than water, even in the presence of significant water. In a comparison with priof art
enzymes, the lipid aéyl transferase used in the invention were found to'have a high

relative transferase activity in the presence of 6% water, 54% water, 73% water, 89%

" water and approximately 95%. Lipolytic enzymes tested had virtually no significant

relative transferase activity at these water concentrations.

The % transferase activity (i.e. the transferase activity as a percentage of the total
enzymatic activity) may be determined by the folléwing protocol:

Protocol for the determination of % acyltransferase activity:

A substrate to which a lipid acyltransferase according to the present invention has been
added may be extracted following the enzymatic reaction with CHCl;:CH;0H 2:1 and
the organic phase containing the lipid material is isolated and analysed by GLC and
HPLC according to the procedure detailed hereinbelow. From the GLC and HPLC
analyses the amount of free fatty acids and one or more of carbohydrate esters, protein
esters; protein subunit esters; hydroxy acid esters are determined. A control substrate
to which no enzyme accdrding to the present invention has been added, is analysed in

the same way.

Calculation: ,
From the results of the GLC and HPLC analyses the increase in free fatty acids and
carbohydrate esters and/or protein esters and/or protein subunit esters and/or hydroxy

acid can be calculated:
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A % fatty acid = % Fatty acid(enzyme) - % fatty acid(control); Mv fatty acid =
average molecular ,rveight of the fatty acids;

A= A % protein ester/Mv protein ester (where A % protein ester = % protein
ester(enzyme) - % protein ester(control) and Mv protein ester = average molecular
weight of the protein esters) — applicable where the acyl acceptor is a protein; .

B = A % carbohydrate ester/Mv carbohydrate ester (where A % carbohydrate ester = %
carbohiydrate ester(enzyme) - % carbohydrate ester(control) and Mv carbohydrate ester

= average molecular weight of the carbohydrate ester) - applicable where the acyl
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acceptor is a carbohydrate

C = A % protein subunit ester/Mv protcm subunit ester (where A% protem subumt

ester = % protein subunit ester(enzyme) - % protein subunit ester(control) and Mv
protein subunit ester = average molecular weight of the protein subunit ester) —
applicable where the acyl acceptor is a protein subunit; and _
D = A % hydroxy acid ester/Mv ‘hydroxy acid ester (where A % hydr0x5f acid ester =
% hydroxy acid ester(enzyme) - % hydroxy acid ester(control) and Mv hydroxy a01d
ester = average molecular weight of the hydroxy acid ester) — applicable where the

acyl acceptor is a hydroxy acid.

The transferase activity is calculated as a percentage of the total enzymatic activity: -

% transferase activity = A* +B* + C*+D* x100 .
A*+B*+C* + D*+A % fatty acid/(Mv fatty acid)

* _ delete as appropriate.

The lipase and acyltransferase activity of an enzyme may be evaluated using the
following assays. In .this way, a lipid acyltransferase having the enzyme
characteristics defined herein may be obtained/identified.

Transferase Assax in Buffered Substrate (see Example 6)

Enzymes which function as lipid acyltransferases for use in the compositions and
methods of the invention can be routinely identified using the assay taught herein in
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Example 6. This assay will be hereinafter referred to as the Transferase Assay in
Buffered Substrate'. In Example 6 the lipid acyltransferase enzyme from Aeromonas
sdimonicida in accordance with the present invention was analysed and c<.)mparéd with
a range of lipolytic enzymes not encompassed by the present invention. As can be
seen, of the lipolytic enzymes only LIPOPAN® F (Novozymes, Denmark) was found
to have any transferase activity and then only a very low level (1”.3%). i

Enzymes suitable for use in the compositions and methods of the invention can be
routinely identified using the Transferase Assay in Buffered Substrate. Using this
assay, in which there is a very high water content — approximately 95%, lipid
acyltransferases in accor@ce with the present invention are those which have at least
2% acyltransferase . activity " (relative transferase activity), preferably at least 5%
relative transferase activity,' preferably at least 10% relative transferase activity,
preferably at least 15%, 20%, 25% 26%, 28%, 30%, 40% 50%, 60% or 75% relative
transferase activity. Suitably, the lipid acylu'ansférase in accordance with the present
invention may have less than 28%, less than 30%, fneferably less than 40%, 50%,
60%, 70%, 80%, 90% or 100% acyltransferase activity.

Transferase Assay in a Low Water Environment

As an alternative to (or in addition to) using the “Transferase Assay in Buffered
Substrate™, lipid acyltransferases for use in accordance with the present invention may

be identified using the “Transferdse Assay in a Low Water Environment”.

In order to determine if an enzyme is a lipid acyltransferase according to the present
invention, one may carry out a “Transferase Assay in a i,ow Water Environment”,
namely in an oily environment with 6% water as taught in Example 9. This example
illustrates that in an oily environment with 6% water content the lipid acyltransferase
of the invention has a high relative transferase activity, where the prior art lipolytic
enzymes have hydrolytic activity.
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In one embodiment, the lipid acyltransferase suitable for use in the methods and/or
uses ‘according to the present invention is one which when tested using the
“Transferase Assay in a Low Water Environment”, measured after a time _period
selected from 30, 20 or 120 minutes, has a relative transferase activity of at least 1%,
preferably at least 2%, preferably at least 5%, preferably at least 10%, preferably at
least 20%, preferably at least 30%, preferably at least 40%,; preferably at least 50%,
preferably at least 60%, preferably at least 70%, preferably at least 75%. Sultably, the
lipid acyl transferase in accordance with the present invention may have less than
30%, 40%, 50%, 60%, 70%, or 80% act1v1ty when measured after a time penod of 10,

20, 30 or 120 minutes using the “Transferase Assay in a Low Water Environment”.

As described above, the lipase acyitransferase of the invention can be identified using
either the “Transferase Assay in Buffered Substrate” or in the “Transferase Assay in
Low Water Environment” using cholesterol as the acyl acceptor. - Of course, the
skilled person would be readily aware that, with obvious amendments to the analytical
methods the Transfefase Assay in Buffered Substrafe' 01; the "Transferase Assay in
Low Water Environment may be used to determine the lipid acyltransferase activity
for any lipid acyl donor or any acyl acceptor combination. The skilled person: would,
if necessary, simply replace the acyl donor ‘substrate (e.g. phospholipid) with an
alternative acyl donor substrate (e.g. glycolipid, triacylglyceride) and/or replace the
acyl acceptor (e.g. cholesterol) with an alternative acyl acceptor substrate (e.g. a
carbohydrate, a protein, a protein subunit or a hydroxy acid) (for example see
Examples 10- 13)

The term “high water environment” as used herein means any environment comprising
5-98% water. Preferably the environment comprises more than 6% water content,
preferably more than 7%, 8%, 9%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,480% or
90%. Suitably, the high water environment may be comprised of 20-98%, suitably 50-
98%, suitably of 70-98%, sﬁitably 75-98% water.
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In one embodiment, in the admixture the ratio of the amount of lipid acyltransferase
added compared with water is at least 1:700, preferably 1:10,000, as measured on a’by
weight basis. ‘

The term “low water” as used herein means any substrate or foodstuff with less than
5% water content, preferably less than 4%, 3%, 2%, 1% or 0.5%.

Preferably the method and/or use according to the present invention may be carried out
at a temperature of 15 60°C, preferably at a temperature of 20- 60°C, preferably 20-
50°C, preferably 20-45°C, preferably 20-40°C.

Suitably, the method or use according to the present invention comprises a further step
or purifying and/or isolating the reaction product, namely one or more of a
carbohydrate ester a protein ester, a protein subunit ester, or a hj{droxy acid ester.

Thus, preferably the reaction product is in a puriﬁcd and/or isolated form.

Numerous methods for purification of esters are known to the skilled person. By way
of example only the esters produced by the methods/uses taught herein may be purified
using chromatography, such as hydrophobic »interactibn, ﬁl&aﬁon, centrifugation,
solvent extraction/distillation or crystallisation. Suitable methodologies are taught in
Ulmann’s Encyclopedia of Industrial Chemlstxy (2002) by Wiley-VCH Verlag GmbH
& Co. KgaA.

The lipid acyl-transferase of the invention may be expressed in any smtable expression
host. For example the llpld acyltransferase of the mventlon may ‘be expressed in
Bacillus subtilis and may be purified by ultrafiltration and/or by precipitation in
ethanol and/or centrifugation, and may be subsequently spray dried using starch
(maltodextrin) as carrier for the enzyme. The spray-dried enzyme may be standardized
to specified PLU activity by adding further carrier in powder form. The techniques
involved are well established and routine in the art.
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In one embodiment, the method according to the present invention is an in vitro

process. The method may suitably be a continuous or batch process.

The enzyme according to the present invention may be used in combination with one
or more other further enzymes. Thus, it is within the scope of the present invention
that, in addition to the enzyme of the invention, the admixture is contacted with at least
one further enzyme. Such further enzymes include starch degrading enzymes such as

endo- or exoamylases, pullulanases, debranching eﬁzymes, hemicellulases including

~ Xylanases, cellulases, oxidoreductases, e.g: glucose oxidase or a carbohydrate oxidase

such as one which oxidises maltose, for example hexose oxidase (HOX), lipases,

: phospholipases and hexose oxidase, and proteases. The admixure may be contacted

with the enzyme of the invention and the at least one further enzyme at the same time

or sequentially.

In one embodiment for example the lipid acyltransferase may be used in combination
with a lipase having one or more of the following lipase activities: glycolipase activity
(E. C 3.1.1.26, triacylglycerol lipase activity (E.C. 3.1.1. 3), phospholipase A2 activity
(E C 3.1.1.4) or phospholipase Al activity (E.C. 3.1.1 -32). Suitable lipase enzymes
are well know within the art and include by way of example the following lipases:
LIPOPAN® F and/or LECITASE® ULTRA (Novozymes A/S, Denmark)
phospholipase A2 (e.g. phospholipase A2 from LIPOMOD™ 221, from Biocatalysts,
LIPOMAX™ from Genecor), LIPOLASE® (Novozymes A/S, Denmark), the lipases
t;mght'in WO003/97835, EP 0 977 869 or EP 1 193 314.

USES

Thus, the methods according to the present invention produce one or more of a
carbohydrate estér, a protein ester, a protein subunit ester, a hydroxyacid ester. Many
of these esters are useful emulsifiers. By way of example only amino acid esters,
peptide esters, protein esters, carbohydrate esters and hydroxy acid esters (such as
tartaric acid esters) for example are functionally important emulsifiers. Emulsifiers are
useful in a wide range of industries, such as the food industry, the feed industry, the
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cosmetics industry (for example in cosmetic bases), the pharmaceutical industry (in
both pharmaceutical synthesis and formulation for example) and the paint industry for
example. Emulsifiers can function as wetting agents, food ingredients and active

ingredients.

In addition protein fatty acid condensates owing to their excellent physiological
properties, are sﬁited for use in cosmetics and personal hygiene products.for example.
For example, protein esters may be used in shower and bath preparations as well as in
shampoos and body ;:leansers. The protein fatty acid condensates may aiso be useful

in pharmaceutical compositions, for example as a base.

Protein fatty acid condensates are well known for their application in the cosmetic
industry. Conventionally, these products are produced by reacting protein hydrolyzate
with fatty acid chloride under Schotten-Baumann conditions, using water as solvent.

(http://www:scf-online.com/english/26 e/rawmaterials26 e .htm#5).

In the development of the protein-fatty acid condensates it is possible to combine the
renewable resources fatty acids (from vegetable oil) and protein, which «can be
obtained from both animal waste (leather) as well as from many plants, to construct a
surfactant structure with a hydrophobic (fatty acid) and a hydrophilic (protein) part. In
this process the fatty acid chloride reacts with the amine group of the amino acid and
forms the protein fatty acid condensate (See Figure 49). Products are obtained which
have an excellent skin compatibility and additionally have a good cléaning effect.

The fact that even sinéll additions . of the acylated protein hydrolysate hévc a
synergistic_effect on the skin compatibility of other surfactants is highly important
from a technical formulation point of view. An explanation for this protective effect -
could lie in the amphoteric behaviour of the product. There is an interaction between
the protein-fatty acid con(iensate and skin collagen. This leads to the formation of a
protective layer, which reduces the excessive attack of surfactants on the upper layers
of the skin, their strong degreasing effect and the direct- interaction of anionic
surfactants with the skin. ’
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°
In the cosmetic branch, protein-based surfactants are mainly used in mild shower and

bath products, mild shampoos, surfactant-based face cleansers, cold-wave preparatlons
and fixatives or surfactant preparations for babies.

Protein hydrolysate fatty acid condensates are also useful as bases for pharmaceutical
preparations, for example for creams and ointments which contain active mgredxents
for topical apphcatlon to the skin.

The present invention provides a new way to produce protein fatty acid condensate

without using fatty acid chlorlde The reaction according to the present invention is
depicted in Figure 50. This reaction can be conducted in water or buffer system at low

temperature without formation of waste products.

The term “protein fatty acid condensate” as used herein encompasses all of the

- following protein esters, polypeptide esters, dipeptide esters, oligopeptide esters,

peptide ésters, and amino acid esters.

As a skilled person would be readily aware, carbohydrate esters (particularly sugar
esters) have a broad apphcatlon in the food industry. Other fields of application
include cosmetics, oral-care products and medical supplies. In addition, these
compounds can be used as antibiotics, ahﬁtﬁmora]s, fungicides and insecticides. The
lipid acyltransferase according to the present invention is able to catalyse the

formation of glucose ester in a high water environment (Figure 51).

The esters produced in accordance with theb present invention find application in the
following fields:

Cosmetics: including esseoﬁal oil emulsions (o/w, HLB 16-18) Paraffin oil emulsions,
ofw, HLB 10 — 14; Stearic acid emulsions; Wax emulsions, o/w, HLB 14 - 16; Lanolin
emulsions, o/w, HLB 12 — 14; Silicone emulsions; Toothpastes; o/w; Foam baths, ofw,
HLB 14 - 18; Hair Lotion.
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Pharmaceutical Pieparaﬁons: including in drug emulsions; ointment bases;

suppository compound, w/o; encapsulation; injection preparation.

Agriculture: including in soil improvement; as a fertiliser additive; as all-purpose

cleaners; cleaners for fruit and vegetables_; cleaners for milk churns.

Crop Protection: including in naturally occurring insecticides; chlorinated

~ hydrocarbons, -and 140; phosphoric acid esters o/W, HLB 10 - 14; fungicides, o/w;

hérbicides, o/w.

Food Industry: including in bread and cakes; margarine; chocolate; fat bloom
prevention, w/o, HLB 5-10;. sugar frosting, d/w, HLB 14 —16; softeners for
caramels and chewing gum, w/o, HLB. 2 — 4; prevention of sticking, w/o, HLB 2- 4;
‘ice cream additives w/o, HLB 4 - 6; wetting of milk and bakmg powders, w/o, HLB
9-11; custard powder, w/o, HLB 2—4; in the drinks industry; in fruit and
vegetables; in flavourings, w/6 and o/w, HLB 10-12; in meat, salad, or .other
ﬂa:vouring sauces, o/w; in food dyes, w/o, HLB 2—4; o/w, HLB 8- 18; in foam
inhibitors. )

The benefit of usixig protein fatty acid esters, hydroxy acid esters and carbohydrate
esters produced in accordance with the present invention as emulsifiers in food
épplications is that these are harmless food compatible components which are more
easily biodegradable compared to other conventionally used emulsifier like
ethpxy]ated fatty acid esters for example. These emulsifiers are thus more

environmentally friendly to use in both the food industry and the non-food industry.

In one embodixﬁent, the microthecin ester, ascopyrone P ester, ascopyrone T ester
and/or cortalcerone ester may function as an antimicrobial agent. Alternatively or in
addition thereto, the microthecin ester, ascopyrone P ester, ascopyrone T ester and/or

cortalcerone ester may function as one or both of an antioxidant and/or emulsifier
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. In one embodiment, the methods or uses of the present invention can be used to

produce emulsifiers for use in drug formulations, particularly in the production of
controlled release formulations of active ingredients, wherein the active ingredient is

acylated using the lipid acyl-transferase. Such slow release formulations are

" particularly useful for pharmaceutical compositions administered’ orally, where the

gradual hydrolysis of the ester in the digestive tract provides gradual delivery of the
active: ingredient. Such acylated compositions could further be used for a

subcutaneous or an intravenous formulation.

In another embodiment, the methods or uses of the present invention can be used to

zproduce phase transfer catalysts for transfer of salts into a solution of organic solvents

for instance in an organic reaction. For example, the transfer of an acyl group to an
appropriate cationic acceptor, such as a hydroxy acid (citric acid), or alternatively with
an anionmic acceptor group, such as hydroxy—amines can produce phase transfer

catalysts for transfer of salts into a solution of organic solvents.

In another embodiment, the methods of the present invention may be used to produce
estér prodrugs of pharmaceutical compounds with low biological availability and/or
low solubility, for instance antiviral agents like aciclovir and gangaciclovir. The
method could further be used for other medicinal compounds with a free hydroxy-
group, for instance a primary, secondary or tertiary hydroxy-group.

Preferably, the ester produced in accordance with the present invention is used in a

pharmaceutical formulation.

Preferably, the ester produced in accordance with the présent invention is used in a

cosmetic and/or a personal hygiene product.

Preferably, the ester produced in accordance with the present invention is used in a
foodstuff and/or a feedstuff.
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The method in accordance with the present invention may be one step in the
manufacturing process of one or more of a pbarmaceutical, a cosmetic, a personal
hygiene product a foodstuff or a feedstuff. '

ADVANTAGES

One advantage of the method aécording to the present invention is that it results in the

manufacture of one or more of a carbohydrate ester, a protein estet, a protein subunit

~ ester or a hydroxy acid ester without the need to use organic solvents. Thus, the

present invention allows the use of the organic solvents to be reduced or eliminated.
This has many advantages, for example in reduced production costs, reduced human
and/or environmental exposure to organic solvents, simplification of the production

process.

In the production of esters for food applications it is particularly advantageous to use
lipids rather than fatty aclds because it is not necessary to remove surplus lipids
because these can from part of the food item where the reaction product is used. On
the other hand, surplus free fatty acids would have to.be removed because these are

deleterious for most food products.
ISOLATED

In one aspect, preferably the polypeptide or protein for use in the present invention is
in an isolated form. The term “isolated” means that the sequence is at least
substantlally free from at least one other component with which -the sequence is

naturally associated in nature and as found in nature.

In one aspect, preferably the bioconversion product according to the present invention
for example the carbohydrate ester and/or the protein ester and/or the protein subunit
ester and/or the hydroxy acid ester is isolated from the reaction mixture. The term

“isolated” means that the bioconversion product is at least substantially free from at
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least one other component with which the bioconversion product is assoc.iated.during

the bioconversion reaction.
PURIFIED

In one aspect, preferably the polypeptide or protein for use in the present invention is
in a purified form. The term “ﬁur_iﬁed”-means that the sequence is in a relatively pure
state — e.g. at least about 51% pure, or at least about 75%, or at least about 80%, or at

~ least about 90% pure, or at least about 95% pure or at least about 98% pure.

In one aspect, preferably the bioconversion product produced in accordance with the
present invention, for example the carbohydrate ester and/or the protein ester and/or
the protein subunit ester and/or the hydroxy acid ester is purified from the reactlon
mixture and is therefore in a purified form. The term “purified” means that the

bioconversion product is in a relatively pure state — e. g at least about 51% pure, or at

least about 75%, or at least about 80%, or at least about 90% pure, or at least about

95% pure or at least about 98% pure.
PHARMACEUTICAL COMPOSITIONS

The present invention also provides a pharmaceutical composition comprising the
product of the present invention and a pharmaceutically acceptable carrier, diluent or

exclplcnt (1ncludmg combinations thereof).

The pharmaceutical composmons may be for human or animal usage in human and
veterinary medicine and will typically comprise any one or more of a pharmaceutically
acccptable diluent, carrier, or excipient. Acceptable carriers or diluents for therapeutic
use are well known in the pharmaceutical art, and .are described, for example, in
Remington's Pharmaceutical Sciences, Mack Publishing Co. (A. R. Gennaro edit.
1985). The choice of pharmaceutical carrier, excipient or diluent can be selected with
regard to the intended route of administration and standard pharmaceutical -practice,
The pharmaceutical compositions may comprise as - or in addition to - the carrier,
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excipient or diluent any suitable binder(s), lubricant(s), suspending agent(s), coating
agent(s), solubilising agent(s).

" Preservatives, stabilizers, dyes and even flavoring agents may be provided in the

pharmaceutical composition. Examples of preservatives include sodium benzoate,
sorbic acid and esters of p—hydroxybenz01c acid. Antioxidants and suspending agents
may be also used.

There may be different composition/formulation requirements depen&ent on the
different delivery systems. By way of example, the pharmaceutical composition of the
present invention may be formulated to be administered using a mini-pump or by a
mucosal route, for example, as a nasal spray or aerosol for inhalation or mgestable
solution, or parenterally in whlch the composmon is formulated by an injectable form,
for delivery, by, for example, an mtravenous intramuscular or subcutaneous route.
Alternatively, the formulation may be designed to be admlmstered by a number of

routes.

Where the agent is to be administered mucosally through the gastrointestinal mucosa,
it should be able to remain stable during transit though the gastrointestinal tract; for
example, it should be resistant to proteolytic degradation, stable at acid pH and
resistant to the detergent eﬁ‘ectsv of bile.

Where appropriate, the pharmaceutical compositions can be administered by
inhalation, in the form of a suppository or pessary, topically in the form of a lotlon
solution, cream, ointment or dusting powder, by use of a skm patch, orally in the form
of tablets containing excipients such as starch or lactose, or in capsules or ovules either
alone or in admixture with excipients, or in the form of elixirs, solutions or
suspensions containing flavouring or colouring agents, or they can be injected
parenterally, for example intravenously, intramuscularly or subcutaneously. For
parenteral administration, the compositions may be best used in the form of a sterile
aqueous solution which may contain other substances, for example enough salts. or

monosaccharides to make the solution isotonic with blood. For buccal or sublingual
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administration the compositions may be administered in the form of tablets or lozeng&e

whlch can be formulated in a conventional manner.

CLONING A NUCLEOTIDE SEQUENCE ENCODING A POLYPEPTIDE
ACCORDING TO THE PRESENT INVENTION '

A nucleotide sequence encoding either a polypeptide which has the specific properties
as defined herein or a polypeptide which is suitable for modification may be isolated
from any cell or organism producing said polypeptide. Various methods are well

known w1th1n the art for the isolation of nucleotide sequences.

For example, a genomic DNA and/or cDNA library may be ‘constructed” using
chromosomal DNA or messenger RNA from the organism producmg the polypeptxde
If the amino acid sequence of the polypeptide is known, labelled oligonucleotide
probes may be synthesised and used to identify polypephde~encodmg clones from the
genomic library prepared from the organism. Alternatively, a labelled ohgonucleotide
probe containing sequences homologous to another known polypeptide gene cbuld be
used to identify polypeptide-encoding clones In the latter case, hybridisation and

washing conditions of lower stringency are used.

Alternatively, polypeptide-encoding clones could be identified by inserting %ragments
of genomic DNA into an expression vector, such as a plasmid, transforming enzyme-
negative bacteria with the resulting genomic DNA library, and then plating the
transformed bacteria onto agar containing an enzyme inhibited by the polypeptide,
thereby allowing clones expressing the polypeptide to be identified.

In a yet further alternative, the nucleotlde sequence encoding the polypeptide may be
prepared synthetically by established standard methods, e.g. the phosphoroaxmdlte
method described by Beucage S.L. ef ol (1981) Tetrahedron Letters 22, p 1859-1869,
or the method described by Matthes et al (1984) EMBO J. 3, p 801-805. In the
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phosphoroamidite method, oligonucleotides are synthesised, e.g. in an auiomatic_:, DNA
synthesiser, purified, annealed, ligated and cloned in appropriate vectors,

The nucleotide sequence may be of mixed genomic and synthetic origin, mixed
synthetic and cDNA origin, or mixed genomic and cDNA origin, prepared by. ligating
fragments of synthetic, genomic or cDNA origin (as appropriate) in accordance with
standard techniques. Each hgated fragment corresponds to various parts.of the entxre
nucleotide sequence. The DNA sequence may also be prepared by polymerase cham
reaction (PCR) using spec1ﬁc primers, for instance as described in US 4,683,202 or in
Saiki RK e al (Science (1988) 239, pp 487-491).

NUCLEOTIDE SEQUENCES

The present inverzlticm also encompasses nucleotide sequences encoding polypeptides
having the specific properties as defined herein. The term © ‘nucleotide sequence” as used
herein refers to an oligonucleotide sequence or polynucleotide sequence, and variant,
homologues, fragments and derivatives thereof (such as portions thereof). The nucleotide
sequence may be of genomic or synthetic or recombinant origin, which may be double-

stranded or single-stranded whether representing the sense or antisense strand.

The term "nucleotide sequence'; in relation to the present invention includes genomic
DNA, cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably
cDNA for the coding sequence

In a preferred embodiment, the nucleotide sequence per se encoding a polypeptide having
the specific properties as defined herein does not cover the native nucleotide sequence in
its natural environment when it is linked to its naturally associated sequence(s) that is/are
also in its/their natural environment. For ease of reference, we shall call this preferred
embodiment the “non-native nucleotide sequence”. In this regard, the term "pative
nucleotide sequence” means an entire nucleotide sequence that is in its native

environment and when operatively linked to an entire promoter with which it is naturally
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associated, which promoter is also in its native environment. Thus, the poly}iépﬁde of the
present invention can be expressed by a nucleotide sequence in its native organism but
wherein the nucleotide sequence is not under the control of the promoter with which it is

naturally associated within that organism. -

Preferably the polypeptide is not a native polypeptide. In this regard, the term "native
polypeptide” means an entire polypeptide that is in its native environment and when it has
been expressed by its native nucleotide sequence.

Typically, the nucleotide sequence encoding polypeptides having the specific

properties- as defined herein is prepared using recombinant DNA techniques (i.e.
recombinant DNA). However, in an alternative embodiment of the invention, the
nucleotide sequence could be synthesised, in whole 'or in part, using chemical methods
well known in the art (see Caruthers MH et al (1980) Nuc Acids Res Symp Ser 215-23
and Horn T et al (1 980) Nuc Acids Res Symp Ser 225-232).

MOLECULAR EVOLUTION

Once an enzyme-eﬁcoding nucleotide sequence has been isolated, or a putative
enzyme-encoding nucleotide sequence has been identified, it may be desirable to
modify the selected nucleotide sequence, for example it may be desirable to mutate the

sequence in order to prepare an enzyme in accordance with the present invention.

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides

contain nucleotide sequences flanking the desired mutation sites.

A suitable method is disclosed in Morinaga et al (Biotechnology ( 1984) 2, p646-649).
Another method of introducing mutations into enzyme-encoding nucleotide sequences
is described in Nelson and Long (Analytical Biochemistry (1989), 180, p 147-151).

Instead of site directed mutagenesis, such as described above, one can introduce

mutations randomly for instance using a commercial kit such as the GeneMorph PCR
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mutagenesis kit from Stratagene, or the Diversify PCR random mutagenesis kit from
Clontech. EP 0 583 265 refers to methods of optimising PCR based ‘mutagenesis,
which can also be combined with the use of mutagenic DNA analogues such as those
described in EP 0 866 796. Error prone PCR technologies are suitable for the
production of variants of lipid acyl transferases with preferred characteristics.
WO00206457 refers to molecular evolutxon of lipases. '

A third method to obtam novel sequences is to fragment non-ldentlcal nuc]eotlde
sequences, either by using any number of restriction €nzymes or an enzyme such as
Dnase I, and reassembling full nucleotide sequences coding for functional protems
Alternatively one can use one or multiple non-ldentlcal nucleotide sequences and
introduce mutations during the reassembly of the full nucleotide sequence. DNA
shuffling and family shufﬂmg technologies are suitable for the production of variants
of lipid acyl transferases with preferred cha:actenstlcs_. Suitable methods for
performing 'shuffling' can be found in EP0.752 008, EP1 138 763, EP1 103 606.
Shuffling can also be combined with other forms of DNA mutagenesis as described in
US 6,180,406 and WO 01/34835.

Thus, it is possible to produce numerous site directed or random mutations into. a
nucleotide sequence, either in vivo or in vitro, and to subsequently screen for improved
functionality of the encoded polypeptide by various means. Using in silico and exo
mediated recombination methods (see WO 00/58517, US 6,344,328, US 6,361,974),
for example, molecular evolution can be perfohned where the variaht produced retains
very low homology to known enzymes or proteins. Such variants thereby obtamed
may have significant structural analogy to known transferase enzymes, but have very

low amino acid sequence homology.

-As a pon-limiting example, In addition, mutations or natural variants of a

polynucleotide sequence can be recombined with either the wild type or other
mutations or natural variants to produce new variants. Such new variants can also be

screened for improved functionality of the encoded polypeptide.
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The application of the above-mentioned and similar molecular evolution methods

. allows the identification and- selection of variants of the enzymes of the present

invention which have preferred characteristics without any prior knowledge of protein
structure or function, and allows the production of non-predictable but beneficial
mutations or variants. There are numerous examples of the application of molecular
evolution in the art for the optlmrsatlon or alteration of enzyme activity, such examples
mclude but are not limited to one or more of the following: optimised expression
and/or activity in a host cell or in vitro, increased enzymatic activity, altered substrate
and/or product specificity, increased or decreased enzymatic or structural stability,
altered enzymatic activity/specificity in preferred environmental condmons e.g.
temperature, pH substrate

As will be apparent to a person skilled in the art, using molecular evolution tools an
enzyme may be altered to improve the functionality of the enzyme. -

Suitably, rhe lipid»aciyltransferase used in the invention ihay be a variant, i.e. may
contain at least one amino acid substitution, deletion or addition, when compared to a
parental enzyme. Variant enzymes retain at least 1%, 2%, 3%, 5%, 10%, 15%, 20%,
30%, 40%, 50 %, 60%, 70%, 80%; 90%, 95%, 97%, 99% homology with the parent
enzyme. Suitable parent enzymes may include any enzyme with esterase or lipase
activity. Preferably, the parent enzyme aligns to the pfam00657 consensus sequence.

In a preferable embodiment a variant lipid acyltransferase ehzyme retains or

incorporates at least one or more of the pfam00657 consensus sequence. amino acid
residues found in the GDSx, GANDY and HPT blocks.

Enzymes, such as lipases with no or low lipid acyltransferase activity in an aqueous
environment may be mutated using molecular evolition tools to introduce or enhance
the transferase activity, thereby producing a lipid acyltransferase enzyme with
significant transferase activity suitable for use in the compositions and methods of the

present invention.
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Suitably, the lipid acyltransferase for use in the invention may be.a izariapt with

_ephanced enzyme activity on polar lipids, preferably phospholipids and/or glycolipids

when compared to the parent enzyme. Preferably, such variants also have low or no
activity on Iyso polar lipids. The enhanced activity on polar lipids, phospholipids
and/or glycolipids may be the result of hydrolysis and/or transferase activity or a

combmatlon of both.

Variant lipid acyltransferases for use in the invention may have decreased activity on

~ triglycerides, and/or monoglycerides and/or diglycerides compared with the parent

enzyme.

Smtably the variant enzyme may have no act1V1ty on triglycerides and/or

monoglycerides and/or dlglycendes

Alternatively, the variant enzyme for use in the invention may have increased activity

.on triglycerides, and/or may also have increased activity on one or more of the

following, polar lipids, phospholipids, lecithin, phosphatidylcholine, glycolipids,

digalactosyl monoglyceride, monogalactosyl monoglyceride.

Variants of lipid acylh;ansferases are known, one or more of such variants may be
suitable for-use in the methods and uses of the invention. For example, variants of lipid

acyl transferases are described in the following references:

Hilton S, Buckley JT. Studies on the reaction mechanism of a microbial
lipase/acyltransferase ﬁsing chemical modification and site-directed mutagenesis.J
Biol Chem. 1991 Jan 15;266(2):997-1000.

~ . Robertson DL, Hilton S, Wong KR, Koepke A, Buckley JT. Influence of active site

and tyrosine modification on the secretion and activity of the Aeromonas hydrophlla
lipase/acyltransferase.J Biol Chem. 1994 Jan 21 ;269(3):2146-50.
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. Brumlik .MJ, Buckley JT.Identification of the catalytic triad of the

lipase/acyltransferaée from Aeromonas hydrophila. J Bacteriol. 1996 Apr;178(7):2060-

4.

" Peelman F, Vinaimont N, Verhee A, Vanloo B, Verschelde JL, Labeur C, Seguret-

Mace S, Duverger N, Hutchinson G, Vandekerckhove J, Tavernier J, Rosseneu M. A
proposed architecture for lecithin cholesterol acyl transferase (LCAT): identification of
the catalytic triad and molecular modeling. Protein Sci. 1998 Mar;7(3):587-99.

AMINO ACID SEQUENCES

The present invention also encompasses amino acid sequences of polypeptides having

the specific properties as defined herein.

As used herein, the term “amino acid sequence” is synonymous with the term
“polypeptide” and/or the term “protein™." In some instances, the term “amino acid

sequence” is synonymous with the term “peptide”.

The amino acid sequehce may be prepared/isolated from a suitable source, or it may be

made synthetically or it may be prepared by use of recombinant DNA techniques.

Suitably, the amino acid sequences may be obtained from the isolated polypeptides
féught herein by standard techniques.

One suitable method for determining amino acid sequences from isolated polypeptides

1s as follows:

- Purified polypeptide may be freeze-dried and 100 pg of the freeze-dried material may

be dissolved in 50 ul of a mixture of 8 M urea and 0.4 M ammonium hydrogen
carbonate, pH 8.4. The dissolved protein may be denatured and reduced for 15 minutes
at 50°C following overlay with nitrogen and addition of 5 ul of 45 mM dithiothreitol.
After cooling to room temperature, 5 pl of 100 mM jodoacetamide may be added for
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the cysteine residues to be derivatized for 15 minutes at room temperature in the dark

under nitrogen.

135 pl of water and 5 pg of endoproteinase Lys-C in 5 pul of water may be added to the
above reaction mixture and the digestion may be carried out at 37°C under nitrogen for
24 hours.

The resulting pebtide;s may be separated by reverse phase HPLC on a VYDAC C18
column (0.46x15cm;10pm; The Separation Group, California, USA) using solvent A:
0.1% TFA in water and solvent B: 0.1% TFA in acetonitrile. Selected peptides may be

're-chromatographed on a Develosil C18 column using the same solvent s&stem, prior

to N-terminal sequencing. Sequencing may be done using an Applied Biosystems
476A sequencer using pulsed liquid fast cycles according to the manufacturer's
instructions (Applied Biosystems, California, USA)

SEQUENCE IDENTITY OR SEQUENCE HOMOLOGY

The present invention Also encompasses the use of sequences having a degree of
sequence identity or se(iuence homology with amino acid sequence(s) of a polypeptide
having the specific properties defined herein or of any nucleotide sequence encoding
such a polypeptide (hereinafter referred to as a “homologous sequence(s)”). ‘Here, the
term “homologue™ means an entity having a certain homology with the subject amino
acid sequences and the subject nucleotide sequences. Here, the term “homology” can
be equated with “identity”.

The homologous amino acid sequence and/or nucleotide sequence should provide
and/or encode a polypeptide which retains the functional activity and/or enhances the
activity of the enzyme.

In the present context, a homologous sequence is taken to include an amino acid

sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%
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identical to the subject sequence. Typically, the homologues will compﬁse the same
active sites etc. as the subject amino acid sequence. Although homology can also be
considered- in terms of shnﬂaﬁty (i.e. amino -acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express

homology in terms of sequence identity.

In the present context, a homologous sequence is taken to include a nucleotide
sequence which‘may be at least 75, 85 or 90% identical, preferably at least 95 or 98%
identical to a nucleotide sequence encoding a polypeptide of the present invention (the

subject sequence). Typically, the homologues will comprise the same sequences that

‘code for the active sites etc. as the subject sequence. Although homology can also be

considered in terms of similarity (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express

homology in terms of sequence identity.

-Homology comparisons can be conducted by eye, or more usually, with the aid of

readily available sequence comparison programs. These commercially available

computer programs can calculate % homology between two or more sequences.

% homology may be 'calculatcd over contiguous sequences,A 1.e. one sequence is
aligned with the other sequence and each amino acid in one sequence is directly
compared with the corresponding amino acid in the other sequence, one residue at a
time. This is called an}“ungapped” alignment. Typically, such uhgapped alignments

are performed only over a relatively short number of residues.

Although this is a very simple and consistent method, it fails to take into consideration
that, for example, in an otherwise identical pair of sequences, one insertion or deletion
will cause the following amino acid residues to be put out of alignment, thus
potentially resulting in a large reduction in % homology when a global alignment is

performed.  Consequently, most sequence comparison methods are designed to

' produce optimal alignments that take into consideration possible insertions and
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deletions without penalising unduly the overall homology score. This is achieved by
inserting “gaps” in the sequence alignment to try to maximise local homology.

However, these more complex methods assign “gap penalties” to each gap that occurs

" in the alignment so that, for the same number of identical amino acids, a sequence

alignment with as few gaps as possible - reflecting higher relatedness between the two

compared sequences - will achieve a higher score than one with- ‘many gaps. “Affine

" gap costs” are typically used that charge a re]atlvely hlgh cost for the existence of a
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) gap and a smaller penalty for each subsequent re31due in the gap. This is the most

commonly used gap scoring system. High gap penalties will of course produce

optimised alignments with fewer gaps. Most alignment programs allow the gap
penalties to be modified. Howe\;er, it is preferred to use the default values when using
such software for sequence comparisons. For -example when using the GCG
Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for

agapand -4 for each extension.

Calculation of maximum % homology therefore firstly requires the production of an
optimal alignment, taking into consideration gap penalties. A suitable computer
program for carrymg out such an ahgnment is the GCG Wisconsin Bestfit package
(Devereux et al 1984 Nuc Acids Research 12 p387). Examples of other software that
can perform sequence comparisons include, but are not limited to, the BLAST package
(see Ausubel e al 1999 Short Protocols in Molecular Biology, 4™ Ed — Chapter 18),
FASTA (Altschul er al 1990 J. Mol. Biol. 403-410) and the GENEWORKS suite of
comparison tools. Both BLAST and FASTA are available for offline and online
searching (see Ausubel et al 1999, pages 7-58 to 7-60). However, for some
applications, it is preferred to use the GCG Bestfit program. A new tool, called
BLAST 2 Sequences is also available for comparing protein and nucleotide sequence
(see FEMS Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 177¢1):
187-8 and tatiana@ncbi.nlm.nih.gov). .

Although the final % homology can be measured in terms of identity, the alignment

process itself is typically not based on an all-or-nothing pair comparison. Instead, a
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scaled similarity score matrix is generally used that assigns scores to.each pairwise
comparison based on chemical similarity or evolutionary distance. An example of
such a matrix commonly used is the BLOSUMG62 matrix - the default matrix for the

- BLAST suite of programs. GCG Wisconsin programs generally use either the public

default values or a custom symbol comparison table if supplied (see user manual for
further details). For some applications, it is preferred to use the public default values
for the GCG package, or in the case of other software, the default matrix, such as
BLOSUM62.

Altemnatively, percentage homologies may be calculated using the multiple alignment
feature in DNASIS™ (Hitachi Software), based on an algorithm, analogous to
CLUSTAL (Higgins DG & Sharp PM (1988), Gene 73(1), 237-244).

Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of

the sequence comparison and generates a numerical result.

The sequences may also have deletions, insertions or substitutions of amino acid
residues which produce a silent change and result in a functionally equivalent
substance. Deliberate amino acid substitutions may be made on the basis of similarity
in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic
nature of the residues as long as the secondary binding activity of the substance is
retained. For example, negatively charged amino acids include aspartic acid and
glutamic acid; positively charged amino acids include lysine and arginine; and amino
acids with uncharged polar head groups having similar hydrophilicity values inélude
leucine, isoleucine, valine, glycine, alanine, asparagine, glﬁtamine, serine, threonine,

phenylalanine, and tyrosine.

Conservative substitutions may be made, for example according to the Table below.
Amino acids in the same block in the second column and preferably in the same line in
the third column may be substituted.for each other:
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ALIPHATIC Non-polar GAP

ILV

Polar — uncharged CSTM
. NG

Polar — charged DE

KR

AROMATIC | | HFWY

- The present invention also encompasses homologous substitution (substitution and

replacement are both used herein to mean the interchange of an existing amino acid
residue, with an altémative residue) that may occur i.e. like-for-like substitution such
as basic for basic, acidic for-acidic, polar for polar etc. Non-homologous substitution
may also occur i.e. from one class of residue to another or altematlvely involving the
inclusion of unnatural amino acids such as ornithine (heremaﬁer referred to as Z),
dlammobutync acid ornithine (hereinafter referred to as B), norleucme ornithine
(bereinafter referred to as O), pynylalamne tluenylalamne naphthylalanine and
phenylglycine.

Replacements may also be made by unnatural amino acids.

Variant amino acid sequences may include suitable spacer groups that may be inserted
between any two amino acid residues of the sequence including alkyl groups such as
methyl, ethyl or propyl groups in addition to amino acid spacers such as glycine or B-
alanine residues. A further form of \./'ariation, involves the presencé of one or more
amino acid residues in peptoid form, will be well understood by those skilled in the art.
For the avoidance of doubt, “the peptoid form” is used to refer to variant amino acid
residues wherein the a-carbon substituent group is on the residue’s nitrogen atom
rather thaﬁ the a-carbon. Processes for preparing peptides in the peptoid form are
known in the art, for example Slmon RJ et al., PNAS (1992) 89(20), 9367-9371 and
Horwell DC, Trends Biotechnol. (1995) 13(4) 132-134.
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Nucleotide sequences for use in the present invention -or encoding a polypeptide
having the specific propertiés defined herein may include within ﬁem synthetic or
modified nucleotides. A number of different types of modification to oligonucleotides
are known in the art. . These include methylphosphonate and phosphorothioate
backbones and/or the addition of acridine or polylysine chains at the 3' and/or 5' énds .
of the: molecule. For the purposes of the present invention, it is to be understood that
the nucleotide sequences described herein may be modified byA any method availablé in
the art. Such modifications may be carried out in order to enhance the in vivo activity

or life span of nucleotide sequences.

The present invention also encompasses the use of nucleotide ‘sequences that are
complementary to the sequences discussed herein, or any derivative, fragment or
derivative thereof. If the sequence is éomplementary to a fragment thereof then that
sequence can be used as a probe to identify ‘similar coding sequences in other

organisms etc.

Poiynucleotides which are not 100% homologous to the sequences of the present
invention but fall within the scope of the invention can be obtained in a number of ways.
Other variants of the seqﬁences described herein may be obtained for example by probing
DNA libraries made from a range of individuals, for example individuals from different
populations. In addition, other viral/bacterial, or cellular homologues particularly cellular
hbmologués found in mammalian cells (e.g. rat, mouse, bovine and primate cells), may
be obtained and such homologues and fragments thereof in general will be capable of
selectively hybridising to the sequences shown in the sequence listing herein. Such
sequences may be obtained by probing cDNA libraries made from or genomic DNA
libraries from other animal species, and probing such libraries with probes comprising all
or part of any one of the sequences in the attached sequence listings under conditions of
medium to high stringency. Similar considerations apply to obtaining species
homologues and allelic variants of .the polypeptide or nucleotide sequences of the

invention.
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Variants and strain/species homologues may also be obtained using -degenerate PCR

~whlch will use primers designed to target sequences within the variants and homologu&

encoding conserved amino acid sequences within the sequences of the present invention.
Conserved sequences can be predicted, for example, by aligning thé amino acid
sequences from several variants’homologues. Sequence alignments can be performed
using computer software known in the art. For example the GCG Wisconsin PileUp
program is w1de1y used. :

The primers used in aegenemte PCR will contain one or more degenerate positions and
will be used at slnngency conditions lower than those used for cloning sequences with

single sequence primers agamst known sequences.

Aitematively, such polynucleotides may be obtained by site directed  mutagenesis of
characterised sequences. This may be useful where for example silent codon sequence
changes are required to optimise codon preferences for a particular host cell in which the
polynucleotide sequences are being expressed. Other sequence changes may be desired
in order te introduce restriction polypeptide recognition sites, or to alter the. property or
function of the polypeptides encoded by the polynucleotides.

Polynucleotides (nucleotide sequences) of the invention méy be used to produce a primer,
e.g. a PCR primer, 5 primer for an alternative amplification reaction, a probe e.g. labelled
with a revealing label by conventional means using radioactive or non-radioactive labels,
or the polynucieotides may be cloned into vectors. Such primers" probes and other
fragments will be at least 15, preferably at least 20, for example at least 25, 30 or 40
nucleotides in length, and are also encompassed by the term polynucleotides of the

invention as used herein.

Polynucleotides such as DNA polynucleotides and probes according to the inventjon may
be produced recombinantly, synthetically, or by any means available to those of skill in
the art. They may also be cloned by standard techniques.
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In general, primers will be produced by synthetic means, involving a stepwise

* manufacture of the dmred nucleic acid sequence one nucleotide at a time. Techniques

for accomplishing this usmg automated techniques are readily available in the art.

Longer polynucleotides will generally be produced using recombinant means, for
example using a PCR (polymerase chain reaction) cloning techmques This will involve
making a pair of pnmers (e.g.of about 15t0 30 nucleotides) flanking a region of the hpld
targeting sequence which it is desired to clone, bringing the primers into contact with
mRNA or cDNA obtaiined from an animal or human éell, performing a polyﬁxerase chain
reaction under conditions which bring about amplification of the desired region, isolating
the amplified fragment (e.g. by purifying the reactioﬁ mixture on an agarose gel) and
recovering the amplified DNA. The primers may be designed to contain suitable
restriction enzyme recognitioﬁ.sites so that the amplified DNA can be cloned into a

suitable cloning vector.

HYBRIDISATION

The present invention also encompasses sequences that are complementary to the

sequences of the present invention or sequences that are capable of hybridising either

to the sequences of the present invention or to sequences that are complementary

thereto.

The term “hybridisation” as used herein shall include “the process by which a strand of
nucleic acid joins with a complementary strand through base pairing” as well as the
process of amplification as carried out in polymerase chain reaction (PCR)

technologies.

The present invention also encompasses the use of nucleotide sequences that are
capable of hybridising to the sequences that are complementary to the subject

sequences discussed herein, or any derivative, fragment or derivative thereof,
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The present invention also encompasses sequences that are complémentary to

sequences that are capable of hybridising to the nucleotide sequences discussed herein.

Hybridisation conditions are based on the melting temperature (Tm) of the nucleotide
binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA), and
confer a defined "stringency" as explained below.

" Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the

probe); high stringency at about 5°C to 10°C below Tm; intermediate stringency at
about 10°C to 20°C below Tm; and low stringency at about 20°C to 25°C below Trm.
As will be understood by those of skill in the art, a maximum stringency hybridisation
can be used to identify or detect identical nucleotide séquences while an intermediate
(or low) stringency hybridisation can be used to identify or detect similar or related

polynucleotide sequences.

Preferably, the present inventioﬁ encompasses sequences that are complementary to
sequences that are capable of hybridising under high stringency conditions or
intermediate stringency conditions to nucleotide sequences encoding polypeptides

baving the specific properties as defined herein.

More preferably, the present invention encompasses secjuences that are complementary
to sequences that are capable of hybridising under high stringent conditions (e.g. 65°C
and 0.1xSSC {1xSSC = 0.15 M NaCl, 0.015 M Na-citrate pH 7.0}) to nﬁcleotide
sequences encoding polypeptides having the specific propert:ieé as defined herein.

The present invention also relates to nucleotide sequences that can hybridise to the
nucleotide sequences discussed herein (including complementary sequences of those
discussed herein).
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The present invention also relates to nucleotide sequences that are complementary to
sequences that can hybridise to the nucleotide sequences discussed herein (including

complementary sequences of those discussed herein).

Also included within the scope of the present invention are polynucleotide sequences
that are capable of hybridising to the nucleotide sequences discussed herein under

conditions of intermediate to maximal stringency.

~ In a preferred- aspect, the present invention covers nucleotide sequences that- can

‘hybridise to the nucleotide sequences discussed herein, or the ‘complement thereof,

under stringent conditions (e.g. 50°C and 0.2xSSC).

In a more preferred aspect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequences discussed herein, or the complement thereof,
under high stringent conditions (e.g. 65°C and 0.1xSSC). _

EXPRESSION OF POLYPEPTIDES

A nucleotide sequence for use in the present invention or for encoding a polypeptide
having the specific proberties as defined herein can be incorporéted into a recombinant
replicable vector. The vector may be uséd to replicate and express the nucleotide
sequence, in polypeptide form, in and/or from a compatible host cell. Expression may
be controlled using control sequences which include promoters/enhancers and other
expression regulation signals. Prokaryotic promoters and promoters functional in
eukaryotic cells may be used. Tissue specific or stimuli specific promoters may be
used. Chimeric promoters may also be used comprising sequence elements from two

or more different promoters described above.

The polypeptide produced by a host recombinant cell by expression of the nucleotide

sequence may be secreted or may be contained intracellularly depending on the
sequence and/or the vector used. The coding sequences can be designed with signal
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sequences which direct secretion of the substance coding sequences through a

particular prokaryotic or eukaryotic cell membrane.

EXPRESSION VECTOR

The term "expression vector" means a construct capable of in vivo or in vitro expression.

Preferably, the expression vector is incorporated in the genome of the organism. The term

“incorporated” preferably covers stable incorporation into the genome.

The nucleotide sequence of the present invention or coding for a polypeptlde having
the specific properties as deﬁned herein may be present in a vector, in which the
nucleotide sequence is operably linked to regulatory sequences such that the regulatory
sequences are capable of providing the expression of the nucleotide sequence by a

suitable host organism, i.e. the vector is an expression vector.

The vectors of the present invention may be transformed into a suitable host cell as
described below to provide for expression of a polypeptide having the specific

propemes as defined herein.

The choice of vector, e.g. plasmid, cosmid, virus or phage vector, will often depend on
the host cell into which it is to be introduced.

The vectors may contain one or more selectable marker genes — such as a gene which
confers antibiotic resistance e.g. ampicillin, kanamycin, chloramphenicol or tetracyclin
resistance. Alternatively, the selection may be accomplished by co-transformation (as
described in W091/17243).

Vectors may be used in vitro, for example for the production of RNA or used to
transfect or transform a host cell.
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. Thus, in a further embodiment, the invention provides a method of making nucleotide

sequences of the present invention or nucleotide Ssequences encoding’ polypeptides

having the specific properties as defined herein by introducing a nucleotide sequence

~ -+ into a replicable vector, introducing the vector into a compatible host cell, and growing
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* the host cell under conditions which bring about replication of the vector.

The vector may further comprise a nucleotide sequence enabling the vector to replicate

in the host cell in question. Examples of such sequences are the origins of replication

 of plasmids pUC19, pACYC177, pUB110; pE194, pAMBI and pLI702.

"REGULATORY SEQUENCES

In some applications a nucleotide sequence for use in the present invention or a
nucleotide sequence encoding a polypeptide having the specific properties as deﬁned
herein may be operably linked to a regulatory sequence whlch 1s capable of providing
for the expression of the nucleotide sequence such as by the chosen host cell. By way
of example the present invention covers a vector comprising the nucleotide sequence
of the present invention operably linked to such a regulatory sequence, i.e. the vector is

an expression vector. -

The term "operably linked" refers to a juxtéposition wherein the components described
are in a relationship permitting them to function in their intended manner. A
regu]atory sequence "operably linked" to a coding sequence is ligated in such a way
that expression of the coding sequence is achieved under conditions compatible with

the control sequences.

The term “regulatory sequences” includes promoters and enhancers and other

expression regulation signals.

The term "promoter” is used in the normal sense of the art, e.g. an RNA polymerase
binding site.
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Enhanced expression of the nucleotide sequence encoding the enzyme having the
specific properties as defined herein may also be achieved by the' selection of
heterologous regulatory regions, e.g. promoter, secretion leader and terminator

regions.

Preferably, the nucleotide sequence of the present invention may be operably linked to at
least a promoter.

" Examples of suitable promoters for directing the transcription of the nucleotide

séquence in a bacterial, fungal or yeaét host are well known in the art,

CONSTRUCTS

The term "construct"” - which is synonymous with terms such as "conjﬁgate", "cassette”
and "hybrid" - includes a nucleotide sequence encoding a polypeptide having the specific
properties as defined herein for use according to the present invention directly or
indirectly attached to a promoter.- An example of an indirect attachment is the provision
of a suitable spacer group such as an intron sequence, such as the Shl-intron or the ADH
intron, intermediate the promoter and the nucleotide sequence of the present invention.
The same is true for the term "fused" in relation to the present invention which includes
direct or indirect attachment. In some cases, the terms do not cover the natural
combination of the nucleotide sequence coding for the protein ordinarily associated with

the wild type gene promoter and when they are both in their natural environment.

The construct may even contain or express a marker which allows for the selection of the

genetic construct.

For some applications, preferably the construct comprises at least a nucleotide
sequence of the present invention or a nucleotide sequence encoding a polypeptide

having the specific properties as defined herein operably linked to a promoter.
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HOST CELLS

]‘ﬁe term “host cell” - in relation to the present invention includes any cell that
comprises either a nucleotide sequence encoding a polypeptide having the specific
properties as defined herein or an expression vector as described above and which is
used in the recombiné.nt production of a polypeptide having the specific properties as
defined herein.

Thus, a further embodiment of the presént invention provides host cells uénsfonned or
transfected with a nucleotide séquence of the present invention or a nucleotide
sequence that expresses a polypeptide having the specific properties as defined herein.
The cells will be chosen to be compatible with the said vector and may for example be
prbka.ryotic (for example bacterial), fungal, yeast or plant cells. Preferably, the host

cells are not human cells.

Examples of suitable bacterial host organisms are gram negative bacterium or gram

positive bacteria.

Depending on the nature of the nucleotide sequence encoding a polypeptide having the
specific properties as defined herein, and/or the desirability for further processing of
the expressed protein, eukaryotic hosts such as yeasts or other fungi may be preferred.
In general, yeast cells are preferred over fungal cells because they are-easier to
manipulate. However, some proteins are either poorly secreted from the yeast cell, or
in some cases are not processed properly (e.g. hyperglycosylation in yeast). In these

instances, a different fungal host organism should be selected.

The use of suitable host cells, such as yeast, fungal and plant host cells — may provide
for post-translational modifications (e.g. myristoylation, glycosylation, truncation,
lapidation and tyrosine, sérine or threonine phosphorylation) as may be needed to
confer optimal biological activity on recombinant expression products of the present

invention.
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The host cell may be a protease deficient or protease minus strain.
ORGANISM

The term "organism" in relation to the present invention includes any organism that

could comprise a nucleotide sequence according to the present invention or a

nucleotide sequence encoding for a polypeptide having the specific propemes as

defined herein and/or products obtained therefrom.
Suitable organisms may include a prokaryote, fungus, yeast or a plant.

The term "tre_lﬁsgen,ic organism" in relation to the present invention inchudes any
organism that comprises a nucleotide sequence coding for a polypeptide having the
specific properties. as defined herein and/or the products obtained: therefrom, and/or
wherein a promoter can allow expression of the nucleotlde sequence coding for a
polypeptide having the specific properties as defined herem within the organism.

Preferably the nucleotide sequence is incorporated in the genome of the organism.

The term “transgenic .organisrn” does not cover native nucleotide coding sequences in
their patural environment when they are under the control of their native promoter

which is also in its natural environment.

Therefore, the- transgenic organism of the present invention /includes an organism
comprising any one of, or combinations of, a nucleotide sequence codmg for a
polypeptide having the specific properties as defined herein, constructs as deﬁned
herein, vectors as defined .herem, plasmids as defined herem, cells as defined herein, or
the products thereof. For example the transgenic organism can also comprise a
nucleotide sequence coding for a polypeptide having the specific properties as defined

herein under the control of a heterologous promoter.
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MSFORMAHON OF HOST CELLS/ORGANISM

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism.
Examples of suitable prokaryotic hosts include E. coli and Bacillus subtilis. -

Teachings on the transformation of prokaryotic hosts is well documented in the art, for
example see Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd edition,
1989, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the
nucleotide sequence may need to be smtably modified before transformation - such as

by removal of introns.
In another embodiment the transgehic organism can be a yeast.

Filamentous fungi cells may be transformed using various methods known in the art ~
such as a process mvolving protoplast formation and transformation of the protoplasts
followed by regeneration of the cell wall in a manner known. The use of Aspergillus

as a host microorganism is described in EP 0 238 023.

Another host organism can be a plant. A review of the general techniques used for

transforming plants may be found in articles by Potrykus (4dnnu Rev Plant Physiol
Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech
March/April 1994 17-27). Further teachings on plant transformation may be found in
EP-A-0449375.

General teachings on the transformation of fungi, yeasts and plants are presented in

following sections.

TRANSFORMED FUNGUS
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A host organism may be a fungus - such as a filamentous fungus. Examples of suitable
such hosts include any member belonging to the genera Thermomyces, Acremomum

Aspergillus, Penicillium, Mucor, Neurospora, Trichoderma and the like,

Teachings on transforming filamentous fungi are reviewed in US-A-5741665 which
states that standard techniques for transformatlon of filamentous fungi and culturmg
the fungi are well known in the art. An extenswe review of techniques as applied to N.
crassa is found, for example in Davis and de Serres Methods Enzymol (1971) 17A:
79-143. : )

Further teachings on trénsforming filamentous fungi are reviewed in US-A-5674707.

In one aspect, the host organism can be of the genus Asperg111us such as Aspergillus

niger.

A transgenic A.spe_rgiilus_ according to the present in\;entic;n can also be prepared by
following, for example, the teachings of Turner G. 1994 (Vectors for genetic
manipulation. In: Martinelli S.D., Kinghorn J.R.( Editors) Aspergillus: 50 years on.
Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641-666).

Gene expression in filamentous fungi has been reviewed in Punt et al. (2002) Trends
Biotechnol 2002 May;20(5):200-6, Archer & Peberdy Crit Rev Blotechnol (1997)
17(4):273-306.

TRANSFORMED YEAST

In another embodiment, the tzansgenié organism can be a yeast.

A review of the principles of heterologous gene expression in yeast are provided in, for

example, Methods Mol Biol (1995), 49:341-54, and Curr Opin Biotechnol (1997)
Oct;8(5):554-60
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in this regard, yeast — such as the species Saccharomyces cerevisi or Pi{,;hid Dpastoris (see
FEMS Microbiol Rev (2000 24(1) 45-66), may be used as a vehicle for heterologous

gene CX]’)I‘CSSIOD

A review of the principles of heterologous gene expression in Saccharomyces cerevisiae
and secretion of gene products is given by E Hinchcliffe E Kenny (1993, "Yeast as a
vehicle for the expression of heterologous genes", Yeasts, Vol 5, Anthony H Rose and
J Stuart Harrison, eds, 2nd edition, Academic Press Lid.).

For the transformation of yeast, several transformation protocols have been developed.
For example, a transgenic Saccharomyces according to the present invention can be
prepared by followmg the: teachmgs of Hinnen et al., (1978, Proceedings of the National
Academy of Sciences of the USA 75, 1929); Beggs, ] D (1978, Nature, London, 275,
104); and Ito, H et al (1983, J Bacteriology 153, 163-168).

A suitable yeast host organism can be selected from the biotechnologically relevant
yeasts species such as but not limited to yeast species such as Pichia sp., Hansenula sp
or Kluyveromyces, Yarrowinia species or a species. of Saccharomyces including
Saccharomyces cerevisiae or a species belonging to Schizosaccharomyce such as, for

example, S. pombe species.

A strain of the methylotrophic yeast species Pichia pastoris can be used used as the

host organism.

In one embodiment the host organism is a Hansenula species, such as Hansenula
polymorpha (as described in WO01/3 8544).

The transformed yeast cells may be selected using various selective markers — such as

auxotrophic markers dominant antibiotic resistance markers.
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TRANSFORMED PLANTS/PLANT CELLS

A host organism suitable for the present invention may be a plant. A review‘ of the
general techniques may be found in articles by Potrykus (dnnu Rev Plant Physiol Plant
Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech March/April
1994 17-27), or in WO01/16308. The transgenic plant may produce enhanced levels of
phytosterol esters and phytostanol esters, for example.

Therefore the present invention also relates to a method for the production of a transgenic
plant with enhanced levels of phytosterol esters and phytostanol esters, comprising the

'steps of transforming ‘a plant cell with a lipid acyltransferase as defined herein (in

partlcular with an expression vector or construct compnsmg a lipid acyltransferase as

deﬁned herein), and growing a plant from the transformed plant cell.
SECRETION

Often, it is desirable for the polypeptide to be secreted from the expression host into
thé culture medium from where the enzyme may be more easily recovered. According
to the present inventibn, the secretion leader sequence may be selected on the basis of
the desired expression host. Hybrid signal sequences may also be used with the

context of the present invention.

Typical examples of heterologous secretion leader sequences are those originating
from the fungal amyloglucosidase (AG) gene (glaA - both 18 and 24 amino acid
versions e.g. from Aspergillus), the a-factor gene (yeasts e.g. Saccharomyces,

Kluyveromyces and Hansenula) or the a-amylase gene (Bacillus).
DETECTION

A variety of protocols for detecting and measuring the expression of the amino acid

sequence are known in the art. Examples include enzyme-linked immunosorbent
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_ assay (ELISA), radioimmunoassay (RIA) and fluorescent activated cell sorting

(FACS).

A wide variety of labels and conjugation techniques are known by those skilled in the

" art and can be used in various nucleic and amino acid assays.

A number of companies such as Pharmacia Biotech (Piscataway, NJ), Promega

(Madison, WI), and US Biochemical Corp (Cleveland, OH) supply commercial kits

" and protocols for these procedures.

Suitable teporter molecules or labels include those radionuclides, enzymes,

- fluorescent, chemiluminescent, or chromogenic agents as well as substrates, cofactors,

inhibitors, magnetic particles and the like. Patents teaching the use of such labels
include US-A-3,817,837; US-A-3,850,752; US-A-3,939,350; US-A-3,996,345; US-A-
4,277,437; US-A-4,275,149 and US-A-4,366,241.

Also, recombinant immunoglobulins may be produced as shown in US-A-4,816,567.

FUSION PROTEINS

A polypeptide having the specific properties as defined herein may be produced as a
fusion protein, for example to aid in extraction and purification thereof. Examples of
fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 (DNA
binding and/or transcriptional activation domains) and p-galactosidase. It may also be
convenient to include a proteolytic cleavage site between the fusion protein partner
and the protein sequence of interest to allow removal of fusion protein sequences.

Preferably the fusion protein will not hinder the activity of the protein sequence.

Gene fusion expression systems in E. coli have been reviewed in Curr. Opin.
Biotechnol. (1995) 6(5):501-6.
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In another embodiment of the invention, the amino acid sequence of .a polypeptide
having the specific properties as defined herein may be ligafed to a heterologous
sequence to encode a fusion protein. For example, for screening of peptide libraries for
agents capable of affecting the substance activity, it may be useful to encode a
chimeric substance expressing a heterologous epitope that is recogmsed by a
commercially available antlbody

The invention will now be described, by way of example only, with reference to the

following Figures and Examples.

Figure 1 shows a pfam00657 consensus sequence ﬁom database version 6 (SEQ ID
No. 1); -

Figure 2 shows an amino acid sequence (SEQ ID No. 2) obtained from the organism
Aeromonas hydrophila (P10480; GI:121 051); . ’

Figure 3 shows an amino acid sequence (SEQ ID No. 3) obtained from the organism

Aeromonas salmonicida (AAG098404; G1:996401 7;

Figure 4 shows an amino acid sequence (SEQ ID No. 4) obtained from the organism
Streptomyces coelicolor A3(2) (Genbank accession number NP_631558);

Figure 5 shows an amino acid sequence (SEQ ID No. 5) obtained from the organism
Streptomyces coelicolor A3(2) (Genbank accession number: CAC42140);

Figure 6 shows an amino acid sequence (SEQ ID No. 6) oBtained from the organism

Saccharomyces cerevisiae (Genbank accession number P41 734);
Figure 7 shows an alignment of selected sequences to pfam00657 consensus sequence;

Figure 8 shows a pairwise alignment of SEQ ID No. 3 with SEQ ID No. 2 showmg

93% amino acid sequence identity. The signal sequence is mderlmed + denotes
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differences. The GDSX motif containing the active site serine 16, énd the active sites
aspartic acid 116 and histidine 291 are highlighted (see shaded regions). Numbers after

the amino acid is minus the signal sequence;

~ Figure 9 shows a nucleotide sequence (SEQ ID No. 7) encoding a lipid acyl transferase

according to the present invention obtained from the organism Aeromonas hydrophila;

Flgure 10 shows a nucleotide sequence (SEQ ID No. 8) encoding a lipid acyl

* transferase according to the present invention obtained from the organism deromonas

salmomczda,

Figure 11 shows a nucleotide sequence (SEQ ID No. 9) encoding a lipid acyl
transferase according to the present invehtioﬁ obtained from the organism
Streptomyces coelicolor - A3(2) (Genbank accession’ number
NC_003 888.1 :8327489..8328367);

Flgure 12 shows a nucleotide sequence (SEQ ID No. 10) encoding a lipid acyl
transferase accordmg to the present invention obtained from the organism
Streptomyces coelicolor A3(2) (Genbank accession number
AL939131.1:265480..266367); | | |

Figure 13 shows a nucleotide sequence (SEQ ID No. 11) encoding a lipid acyl
transferase according to the present invention obtained from the orgamsm

Saccharomyces cerevisiae (Genbank accession number Z275034);

Figure 14 shows an amino acid sequence (SEQ ID No. 12) obtained from the organism
Ralstonia (Genbank accession number: AL646052);

Figure 15 shows a nucleotide sequence (SEQ ID No. 13) encoding a lipid acyl

transferase according to the present invention obtained from the organism Ralstonia;
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. Figure 16 shows SEQ ID No. 20. Scoel NCBI protein accession code CAB39707.1

GI:4539178 conserved hypothetical protein [Streptomyces coelicolor A3(2)];

'

Figure 17 shows a nucleotide sequence shown as SEQ ID No. .21 encoding NCBI
protein accession code CAB39707.1 GI:4539178 conserved hypothetical protein
[Streptomyces coelicolor A3(2)];

Figure 18 shows an amino acid shown as SEQ ID No.22. Scoe2 NCBI protein

- accession code CAC01477.1 . GI:9716139 conserved hypothetical protein
[Streptomyces coelicolor A3(2)];

Figure 19 shows a nucleotide sequence shown as SEQ ID No. 23 encoding Scoe2
NCBI protein accession code .CAC01477.1 GI:9716139 conserved hypothetical
protein [Streptomyces coelicolor A3(2)]; * '

-Figure 20 shows an amino acid sequence (SEQ ID No.24) Scoe3 NCBI brotein

accession code CAB88833.1 GI:7635996 putative secreted protein. [Streptomycés
coelicolor A3(2)];

Figure 21 shows a nucleotide sequeﬁce' shown as SEQ ID No. 25 encoding Scoe3
NCBI protein accession code CAB88833.1 GI:7635996 putative secreted protein.
[Streptomyces coelicolor A3(2)];

Figure 22 shows an amino acid sequence (SEQ ID No.26) Scoe4 NCBI protein
accession code CAB89450.1 GI:7672261 putative secreted protein. [Streptomyces
coelicolor A3(2)];

Figure 23 shows an nucleotide sequence shown as SEQ ID No. 27 encoding Scoe4
NCBI protein accession code CAB89450.1 GI:7672261 putative secreted protein.
[Streptomyces coelicolor A3(2)];
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Figure 24 shows an amino acid sequence (SEQ ID No.28) ScoeS NCBI protein
accession code CAB62724.1  GI:6562793 putative lipoprotein [Streptomyces
coelicolor A3(2)];

Figure 25 shows a nucleotide sequence shown as SEQ ID No. 29, encoding Scoe5
NCBI protein accession code CAB62724.1  GI:6562793 putative lipoprotein
[Streptomyces coelicolor A3(2)];

Figure 26 shows an amino acid sequence (SEQ ID No.30) Sriml NCBI protein
accession code AAK84028.1 GI:15082088 GDSL-lipase [Streptomyces rixhosus];

Figure 27 shows a nucleotide sequence shown as SEQ ID No. 31 encoding Srim1l
NCBI protein accession code AAK84028.1 GI:15082088 GDSL-lipase [Streptomyces

rimosus};

Figure 28 shows an amino acid sequence (SEQ D No.32)A lipid acyl transferase
from Aeromonas hydrophila (ATCC #7965);

Figure 29 shows a nucleotide sequence (SEQ ID No. 33) encoding a lipid
acyltransferase from Aeromonas hydrophila (ATCC #7965);

Figure 30 shows an amino acid séquence (SEQ ID No.34) of a lipid acyltransferase
from Aeromonas salmonicida subsp. Salmonicida (ATCC#14174);

Figure 31 shows a ﬁubleotide sequence (SEQ ID No 35) encoding a lipid
acyltransferase from Aeromonas salmonicida subsp. Salmonicida (ATCCH#14174);

Figure 32 shows that homologues of the Aeromonas genes can be identified using the
basic local alignment search tool service at the National Center for Biotechnology
Information, NIH, MD, USA and the completed genome databases. The GDSX motif
was used in the database search and a number of sequences/genes potentially encoding
enzymes with lipolytic activity were identified. Genes were identified from the genus
Streptomyces, Xanthomonas and Ralstonia. As an example below, the Ralstonia
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solanacearum was aligned to the Aeromonas salmonicida (satA) gene. Pairwise
alignment showed 23% identity. The active site serine is present at the amino terminus
and the catalytic residues histidine and aspartic acid can be identified;

Figure 33 shows the Pfam00657.11 [family 00657, database version 11] consensus

sequence (hereafter called Pfam consensus) and the alignment of various sequences to
the Pfam consensus sequence. The afrows indicate the active site residues, the

underlined boxes indicate three of the homology boxes indicated by [Upton C and

" Buckley JT (1995) Trends Biochem Sci 20; 179- 179] Capital letters in the Pfam

consensus indicate conserved residues in many famlly members. The — symbol
indicates a position where the hxdden Markov model of the Pfam consensus expected
to find a residue but did’ not, so a gap is inserted. The . symbol indicates a residue
without a corresponding residue in the Pfam consensus. The sequences are the amino
acid sequences listed in Figures 16, 18, 20, 22, 24, 26 28 and 30.

Figure 34 shows the PfamOO657 11 [family 00657, database version 11] consensus
sequence (hereafter called Pfam consensus) and the alignment of various sequences to
the Pfam consensus sequence. The arrows indicate. the active site residues, the
underlined boxes indicate three of the homology boxes indicated by [Upton C and
Buckley JT (1995) Trends Biochem Sci 20; 179-179). Capital letters in the Pfam
consensus indicate conserved residues in many family members. The — symbol
indicates a position where the hidden Markov model of the Pfam consensus expected
to find a residue but did not, so a gap is inserted. The . symbol indicates a residue
without a correspondmg residue in the Pfam consensus. The sequences are the ammo
acid sequences listed in Fxgures 2, 16, 18, 20, 26, 28 and 30. All these proteins were
found to be active against lipid substrates.

Figure 35 shows a expression vector’ pet]12-AsalGCAT= pSM containing the C-
terminal His-tagged Aeromonas salmonicida lipid acyltransferase gene;

Figure 36 shows the results of testing cell extracts in a NEFA Kit Assay, which depicts
the activity of a recombinant, A. salmonicida lipid acyltransfergse, towards lecithin.
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The wells from left to right indicate: a positive control, a negative control (i.e. extracts
from empty plasmid) and samples collected after 0,1, 2 and 3 hours cultivation after
IPTG induction;

 Figure 37 shows growth optimisation of BL21(DE3)pLysS harboring the expression

vector pet12-AsalGCAT=pSM showing cultivation at 30 OC resulted in the production
of enzyme with high activity towards lecithin. Cell extracts were tested for
phospholipase activity using the NEFA kit assay. Wells from left to right: positive

' co_ntrol; negative control; 20°C; 30°C;

.Figure 38 shows crude cell extracts from BL21(DE3)pLysS expressing active lipid
acyltransferase incubated with the substrate lecithin and reaction mixture was analyzed
using thin layer chromato graphy showing the presence of degradation products. Lgnes:
1. Noenzyme; 2. + A.sal -10ul 37°C; 3.  + A. sal —20ul 37°C; 4. + A.sal —
10ul 24°C;5. +A.sal-20u 24°C;

Figure 39 shows partial purification of the Aeromonas salmonicida Acyl Transferase
showing the phospholipase activity associated with purified His-tag protein. SE =
Sonicated extracts, His = Purified with Ni-NTA spin-kit from Qiagen;

Figure 40 shows the expression vector pet12-A.h. GCAT=pSMa containing the C-
terminal His-tagged Aderomonas hjzdrophila Glycerolipid Acyl Transferase (GCAT)
gene was used to transform E. coli strain BL21 (DE3)pLysS;

Figure 41 shows the activity of the crude extracts (5 & 10ul) containing the
recombinant Aeromonas hydrophila GCAT enzyme was tested towards lecithin using
Non-Esterified Fatty Acid (NEFA) kit (Roche, Switzerland), showing the presence of
active enzyme towards the phospholipid, lecithin;

Figure 42 shows growth optimisation of BL21(DE3)pLysS harboring the expression
vector pet12-AsalGCAT= pSM showing cultivation at 30 OC resulted in the production
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of enzyme with high activity towards lecithin. Cell extracts were tested for
phospholipase activity using the NEFA kit assay;

Figure 43 shows the partial purification of the Aderomonas hydrophila & A.

~ salmonicida Acyl Transferases showing the phospholipase actmty associated ‘with

purified His-tag protein. SE = Sonicated extracts,
His = Purified with Ni-NTA spm-klt from Qiagen);

Figure 44 shoWs the expression of the ‘Aeromonés genes in Bacillus 'subtilis 163
showing the production of secreted enzyme with activity towards both lecithin and
DGDG. pUB-AH= construct containing the 4. hydrophila gene and pUB-AS,
construct with the 4. salmonicida gene, Culture filtrate was incubated with the

substrates for 60 minutes.

Figure 45 and Figure 46 show graphs depicting fatty acid and cholesterol ester as a
function of time. The graphs depict results obtained for GLC analysis in the assay for
measurement of acyltransferase éctivity in a foodstuff using lecithin and cholesterol in

buffer as substrate;

Figure 47 shows an amino acid sequence (SEQ ID No. 36) of the fusion construct used
for mutagenesis of the Aeromonas hydrophila lipid acyltransferase gene in Example

17. The underlined amino acids is a xylanase signal peptide;

Figure 48 shows a nucleotide sequence (SEQ ID No. 54) encoding an enzyme from
Aeromonas hydrophila including a xylanase signal peptide; |

Figure 49 shows the structure of protein-fatty acid condensates of amino acids;
Figure 50 shows a schematic representing the reaction between a fatty acid from

phosphatidylcholine when transferred to the free hydroxyl group of amino acids
having a free hydroxyl group available for esterification, e.g. tyrosine or serine; and -
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Figure 51 shows a schematic of the reaction between DGDG and. ghicose wher
catalysed by a lipid.acyltransferase.

EXAMPLES

EXAMPLE 1: The cloning, sequencing and heterologous eipression of - a
transferase from Aeromonas salmonicida subsp. Salmonicida - .

Strains used: _ '

Aeromonas salmonicida subsp. Salmonicida (ATCC 141 74) was obtained from ATCC
and grown overnight at 30°C m Luria-Bertani medium (LB). The "cells were
centrifuged and genomic DNA was isolated using the procedures for genomic DNA
isolation from Qiagen Ltd. Genomlc DNA buffer set (cat. 19060), protease K (cat.
19131) and RNAse A (cat. 19101) were all obtamed from Qiagen Ltd. (Boundary
court Gatwick Court, West Sussex, RH10 2AX).

Host bacferial strain BL21(DE3)pLysS (Novagen) was used for production of the
recombinant Aeromonas enzymes. Competent cells of BL21(DE3)pLysS were used as
host for transformation with the expression vector pet12-Asal GCAT=pSM.
Transformants cc;ntaining the appropriate plasmid were grown at 37 °C in LB agar
medium containing 100-ug ampicillin/ml.

Construction of expression vector pet12-AsalGCAT- pSM:

For all DNA amplifications of the transferase genes from Aeromonas, genomic DNA
(0.2-1 ul) was used as template and pfiu DNA polymerase (2.5 units) was used with
10ul of 10x pfu buffer, 1ul each primer (50pmol/ul), 200 uMdNTP in a total reaction
volume of 100ul. PCR reéctions were performed in a programmable thermal cycler
using the following conditions: 95 °C for 30 seconds, 30 cycles of 95 °C for 30
seconds, 60 °C for 1 minute and 68 °C for 2 minutes. An additional exiension of 5

minutes at 72 °C was apphed
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The PCR amplification of the transferase gene from.A. salmonicida was carried in 2
separate PCR reactions. PCR reaction 1 was performed using primer pairs,
aslTUSNEW(S'AGCATATGAAAA AATGGTTTGT TTGTTTATTG GGG 3' [SEQ
ID No. 36]) and asls950new (5' GTG ATG GTG GGC GAG GAA’ CTC GTA CTG3'
[SEQ ID No. 37]). A second PCR reaction was performed to incorporate a C-terminal
Histidine tag using the PCR product from the first reacﬁon and the primers:
asITUSNEW(5'AGCATATGAAAA AATGGTTTGT TTGTTTATIG GGG 3' [SEQ
ID No. 38]) and AHLS1001(5'TTGGATCC GAA_"ITCAT CAATG GTG ATG GTG
ATG GTG GGC3' [SEQID No. 39]). The PCR product from the-second reaction was

" purified and digested with restriction enzymes Ndel and BamHI. 2 ug of pET 12a

vector DNA was also digested with restriction enzymes Ndel and BamHI and treated
with phosphatase. The restriction enzyme-treated petl2a and PCR product from
reaction 2 were purified and Hgéted using the Rapid Ligation Kit (Roche,
Switzerland). The hgatlon mix was used to transfom E. coli TOP10 cells.
Transformants were plated on LB agar medium containing 100ug/ml ampicillin.

Thé T7 promoter primer (5'TAATACGACTCACTATAG3’ [SEQ ID No. 40]) and the
T7 terminator primer (5'CTAGTTATTGCTCAGCGG3' [SEQ ID No. 41]) were used
to verify the sequences' and the orientation of the cloned transferase genes in pET12a
vector. DNA sequencing was performed using ABI Prism® BigDye™ Terminators
Cycle sequencing kit with 500ng plasmid DNA as template and 3.2pmol T7 promoter

and terminator primers.

The construct shown in Figure 35 was used to transform competent bacterial host strain
BL21(DE3)pLysS (Novagen) and ampicillin resistant transformants were picked and
used for expression analysis. -

Expression of the recombinant Aeromonas salmonicida lipid acyltransferase

Quantification of enzyme activity towards lecithin was determined on cell eXtracts
using Non-Esterified Fatty Acid (NEFA) kit (Roche, Switzerland).
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In Figure 36, BL21(DE3)pLysS harboring the expression vector pet]2-AsalGCAT=

pSM was grown in LB medium + 100ug/ml ampicillin and incubated with shaking at
37°C until ODgop ="0.6 t01.0 is reached. The cultures are then induced using IPTG

" (0.4mM) and incubation was continued for the next 3 hours. Samples where taken at 0

hour, 1, 2, and 3 hours after IPTG induction. Enzyme Activity was tested using the
NEFA kit and lecithin as substrate.

Growth Optimisation for the production of more active enzymes
BL21(DE3)pLysS harboring the expression vector petl2-AsalGCAT= pSM was

‘grown in LB medium + 100ug/ml ampicillin and incubated with shaking at different

growth temperatures (37°C, 30 °C, & 20 °C). The optimal condition for the production
of active lipid acylfransferase enzyme was when cultures are grown at 300C as shpwn

in Figure 37.

'Partial purification of recombinant deromonas salmonicida transferase

Strain BL21(DE3)pLysS harboring the expression vector petl2-Asal GCAT=pSM

was grown at 370C & crude cell extracts were prepared by sonication. The
recombinant enzyme was further purified from the sonicated crude cell extracts usiﬁg
the Ni-NTA spin kit from Qiagen. Phospholipase activity using the NEFA kit &
Lecithin as substrate. Crude cell -extracts from BL21(DE3)pLysS expressjng active
transferase incubated with the substrate lecithin and reaction mixture was analysed
using thin layer chromatography showing the presence of degradation products (see

Figure 38).

Partial Purification of recombinant Aeromonas salmonicidae transferase.  Strain
BL21(DE3)pLysS harbouring the expression vector petl2-Asal GCAT=pSM  was
grown at 37°C and crude cell extracts wefe prepared by sonication. The recombinant
enzyme ware further purified from the sonicated crude cell extract using the Ni-NTA
spin kit from Qiagen. Phospholipase activity using the NEFA kit and lecithin as
substrate was tested (see Figure 39).
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EXAMPLE 2 Cloning and Expression of Aeromonas hydrophila transferasé in E.

coli

- Aeromonas hydrophila (ATCC # 7965) was obtained from ATCC and grown

overnight at 30°C in Luria-Bertani medium (LB). The cells were centrifuged and
genomic DNA was isolated using the procedures for genomic DNA isolation from
Qiagen Ltd. Genomic DNA buffer set (cat.19060), protease K (cat. 19131) and RNAse
A (cat. 19101) were all obtained from Qiagen Ltd. (Boundary court Gatwmk Court,
West Sussex, RH10 2AX).

Host bacterial strain BL21(DE3)pLysS (Novagen) was used for production of the
recombinant Aeromonas enzymes. Competent cells of BL21(DE3)pLysS were used as
host for transformation with the expression vector pet12a-Ach. GCAT=pSMa,
Transformants containing the appropriate plasmid were grown at'37 °C in LB agar
medium containing 100-ug ampicillin/ml.

Construction of expression vector pet12a-A.h.GCAT- pSMa:

For all DNA amplifications of the transferase gene from Aeromonas, genomic DNA
(0.2-1 ul) was used as template and pf DNA polymerase (2.5 units) was used with
10ul of 10x pfu buffer, 1ul each primer (50pmol/ul), 200 uMdNTP in a total reaction
volume of 100ul. PCR reactions were performed in a programmable thermal cycler
using the following conditions: 95 °C for 30 seconds, 30 cycles of 95 °C for 30
seconds, 60 °C for 1 minute and 68 °C for 2 minutes. An additional extension of 5

minutes at 72 °C was applied.

The PCR amplification of the transferase gene from A. hydrophila (ATCC # 7965) was

carried out in 2 separate PCR reactions.

PCR  reaction 1 was performed using primer pairs, AHUS]I
(5'GTCATATGAAAAAATGGTTTGTGTGTT TATTGGGATTGGTC3', SEQ ID No.
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42) and ahls950 (S'ATGGTGATGGTGGGCGAGGAACTCGTACTG3!, SEQ ID No.
43). - '

A second PCR reaction was performed to incorporate a C-terminal Histidine tag using
the PCR product from the first reaction and the primer pairs:

| AHUS1(S'GTCATATGAAAAAATGGTTTGTGTGTTTATTGGGATTGGTC3' SEQ
D No. . 44, ) * and
AHLS1001(STTGGATCCGAATTCATCAATGGTGATGGTGATGGTGGGCS'

SEQ ID No. 45).

The PCR prodﬁct from the secondireaction was purified and digested with restriction
enzymes Ndel and BamHI. >2 ug of pET 12a vector DNA was also digested with
restriction enzymes Ndel and BamHI and treated with phosphatase. The restriction
enzyme-treated petl2a and PCR product from reaction 2 were purified and ligated
using the Rapid Ligation Kit (Roche, Switzerland). The ligation' mix was used to
transform E. coli TOP10 cells. Transformants were plated on LB agar medium

containing 100ug/ml ampicillin.

The T7 promoter .primer (STAATACGACTCACTATAG3') and the T7 terminator
primer (5'CTAGTTATI‘GCTCAGCGG3') were used to verify the sequences and the
orientation of the cloned GCAT genes in pET12a vector. DNA sequencing was
performed using ABI Prism® BigDye™ Terminators Cycle sequen_éing kit with 500ng

plasmid DNA as template and 3.2pmol T7 promoter and terminator primers.

The construct shown in Figure 40 was used to transform competent bacterial host strain
BL21 (DE3)pLysS (Novagen) and ampicillin resistant transformants were picked and

used for expression analysis.

Expression of the Aeromonas hydrophila transferase in BL21(DE3)pLysS
The E. coli strain BL21(DE3)pLysS harboring the expression vector petl2a-
Ah.GCAT= pSMa was grown in LB medium + 100ug/ml ampicillin and incubated
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with shaking at 37°C until ODggo = 0.6 to1.0 is reached. The cultures are t‘heli~induced
using IPTG (0.4mM) and incubation was continued for the next 3 hours. Samples
where taken at Ohour, 1, 2, énd 3 hours after IPTG .induction. Enzyme Activity was
tested using the NEFA kit and lecithin as substrate (Figure 41).

Growth Optimisation for the production of more active enzymes

BL21(DE3)pLysS harboring the expression vector petl2a-A.h.GCAT= pSMa was

grown in LB medium + 100ug/ml ampicillin and incubated with shaking at different

. growth temperatures (37°C, 30 °C, & 20 °C). The optimal condition for the production

of active GCAT enzyme was when cultures are grown at 300C as shown in Figure 42.

Partial purification of recombinant A.hydrophila transferase (GCAT)
Strain BL21 (DE3)}5LysS harboring the expression vector petlZa-A.h.GCAT=pSMa

was grown at 370C & crude cell extracts were prepared by sonication. The

‘recombirniant enzyme was further purified from the sonicated crude cell extracts using

the Ni-NTA spin kit from Qiagen. Phospholipase activity assay using the NEFA kit &
Lecithin as substrate. (Figure 43). '

EXAMPLE 3: Expression of Aeromonas transferases in Bacillus subtilis 163

Plasmid Construction

Two different Bacillus subtilis expression vectors (pUB 110 & pBES5) were used for
the heterologous expression of the Aderomonas genes in Bacilfus subtilis. The pUB110
vector contains the alpha.amylase promoter while the pBE vector has the P32 promoter
as the regulatory region for the expression of the fused Aerbmonas genes. In pUBI110,
the first amino acid of the mature GCAT genes of Aeromonas were fused in frame
with the last amino acid of the xylanase signal peptide sequence from Bacillus subtilis
via the restriction site Nhel, creating an additional 2 amino acids in front of the mature
proteins. pBE5 contains the cgtase signal sequence fusion at the Ncol site for

secretion of the recombinant proteins into the culture filtrate.
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PCR reactions were carried out to obtain the Aeromonas genes fuse in frame to the
signal sequences of the pUB 110 and the pBES5 vectors. PCRs were performed using
the following primer pairs for 4. hydrophila gene:

PCR reaction 1: usAHncol (S'ATGCCATGGCCGACAGCCGTCCCGCC3',.SEQ ID
No. 46) and IsAH (STTGGATCCGAATTCATCAATGGTGATG3', SEQ ID No. 47)

PCR reaction 2: US-Abnhel (STTGCTAGCGCCGACAGCCGTCCCGCC3', SEQ ID
No. 48.) and IsAH (STTGGATCCGAATTCATCAATGGTGATG3, SEQ ID No. 49)

* PCRs were performed using the following primer pa.{rs for A. salmonicida gene:

PCR reaction 3: US-Asncol (5’TTGCCATGGCCGACACTCGCCCCGCC3', SEQ ID
No. 50) and IsAH (STTGGATCCGAATTCATCAATGGTGATG?3', SEQ ID No. 51)

PCR reaction 4: US-ASnhel (STTGCTAGCGCCGACACTCGCCCCGCC3', SEQ
ID No. 52) and IsAH (STTGGATCCGAATTCATCAATGGTGATG3'; SEQ ID No.
53)

All the PCR products were cloned.into PCR blunt II (TOPO vector) and sequenced

with reverse & forward sequencing primers.

Clones from PCR reactions 1 & 3 were cut with Ncol & Bam HI and used as inserts
for ligation to the pBES vector cut with Ncol/BamH1/phosphatase. Clones from PCR
reactions 2 & 4 were cut with Nhel & Bam H1 and used as inserts for ligation t6 the
pUB vector that was cut with Nhel/BamH 1/phosphatase.

Expression of the Aeromonas transferase gemes in Bacillus subtilis and
characterization of the enzyme activity.

The acyl transferases from the two Aeromonas species have been successfully
expressed in E. coli (restlts above). The Bacillus pUB110 & pBES gene ﬁxsioﬁ
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eonstructs were used to transform Bacillus subtilis and transformants we'fe selected by
platmg on kanamycin plates The kanamycin resistant transformants 1solated and
grown in 2xYT are capable of heterologous expression of the Aeromonas genes in
Bacillus. The culture filirates have digalactosyldiacylglycerol (DGDG) galactolipase
activity, in addition to having both acyl transferase and phospholipase activities. The
activity towards d1ga1actosyld1acyl glycerol (DGDG) was measured after 60 minutes of
incubation of culture supematant with the substrate, DGDG" from .wheat flour
(obtainable form Sigma) as well as the activity towards lecithin as shown in Figure 44.
Bacillus produced the enzyme after overnight (20-24 hours) to 48 bours (;f cultivation
in the culture medium as a secreted protein. In some instances, the expression of the
Aeromonas genes has been shown to interfere w1th cell viability and growth in
Bacillus & E. coli, itis therefore necessary to carefully select expression strains and
optimise the growth condmons to ensure expression. For example, several Baczllus
host strains (B.s 163, DB104 and OS 21) were transformed with the-expression vectors
for growth comparison. B.s163 is transformable with the 2 Aeromonas genes and is
capable of expressing active protein. DB104 is transformable with all the constructs

but is only able to express 4. salmonicida transferase.

EXAMPLE 4:  Fermentation and Purification of _Aeromonas lipid

acyltransferases produced in E.coli

E.coli Fermentations:

* Microorganisms

Two strains of Eschericia coli, one contmmng an Aeromonas hydrophzla (Example 2)
lipid acyltransferase and two contammg Aeromonas salmonzcrda lipid

acyhransferases (Example 1) were used in this study.

The E. coli strain containing the 4. hydrophila gene was named DIDK0124 , and the
E. coli strain containing the 4. salmonicida gene was named DIDKO0125. The
fermentation with DIDK0124 was named HYDROO0303 and the fermentation with
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DIDK0125 was named SAL0302. The purified protein from HYDRO025 was named
REF#138. The purified protein from HYDRO0303 was named REF#135.

Growth media and culture conditions

LB-agar
The LB agar plates used for maintaining the strains contained: 10 g/L tryptone, 5 g/L
yeast extract, 5 g/l NaCl, 15 g/L agar, 100 mg/L ampicillin and 35 mg/L

- chloramphenicol. The agar plates were incubated at 30°C.

LB shake flask

The LB medium (50 mL pr shake flask) used for production of inoculum material for
the bioreactor cultivations contained: 10 g/L tryptone, 5 g/L yeast extract, 5 g/L NaCl,

100 mg/L amplclllm and 35 mg/L chloramphenicol. The shake flasks were moculated
from the LB agar plates, and incubated at 30°C and 200 rpm.

Bioreactor cultivation

The biqreactor cultivations were carried out in 6 L in-house built bioreactors filled
with 4 L medimn contaﬁﬁng: 10 g/L tryptone, 5 g/L yeast extract, 5 g/L NaCl, 8 g/L-
KH,POq, 0.9 g/ MgS0,,7H,0, 40 g/L glucose monohydraté 0.4 mL/ ADD APT®
Foamstop Sin 260 (ADD APT Chemicals AG, Helmond, The Netherlands), 10 mg/L
(NH4)2Fe(SO4)2 6H,0, 0.7 mg/L CuSO45H,0, 3 mg/L. ZnSO47H;0, 3 mg/L
MnSO,H,0, 10 mg/L EDTA, 0.1 mg/L NiSO46H,0, 0.1 mg/L CoCl,, 0.1 mg/L
H3BO4, 0.1 mg/L KI, 0.1 mg/L Na2M0042H20 1 g/L ampicillin and 35 mg/L

chloramphenicol.

. The bioreactors were inoculated with an amount of LB culture ensuring end of growth

30

after approximately 20 hours of cultivation (calculated from the maximum specific
growth rate of 0.6 h", the ODggo of the LB shake flask and the final ODgoo in the

bioreactor of approximately 20).
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SALO0302 was inoculated with 10 mL of LB culture, and HYDRO0303 was inoculated
with 4 mL of LB culture._

The bioreactors were operated at the following conditions: temperature 30°C, stirring
800-1000 rpm (depending on experiment), aeration 5 L/min, pH 6.9, pH control 8.75%
(w/v) NH3-water and 2 M H2804 Induction was achieved by addition of isopropyl B-
D-thmgalacto&de to a final concentration of 0.6 mM, when 0.4 moles (HYDR00303)
and 0.7 moles COz was produced respectively.

Harvest

* The following procedure was used for harvest and homogenisation of the biomass:

1) The fermentation broth from the fermentations was centrifuged at 5000 x g and
4°C for 10 minutes, .and the supernatant was discharged The biomass was
stored at —20°C until use. The biomass was thawed and resuspended in 500 mL
of 20 mM NaH,POy4, pH.7.4, 500 mM NaCl, 10 mM Imidazole and Complete
(EDTA-free) protease inhibitor (Roche, Germany).

2) The suspended biomass was homogenized at 2 kbar and 4°C in a cell disrupter
from Constant Systems Ltd (Warwick, UK).

3) The cell debris was removed by centrifugation at 10.000 x g and 4°C for 30
minutes followed by collection of the supernatant.

4) The supernatant was clarified furtﬁer by centrifugation at 13.700x g and 4°C
for 60 minutes, followed by collection of the supernatant.

5) The subernatant was filtered through 0.2 pm Vacu Cap filters (Pall Life
Sciences, UK) and the filtrate was collected for immediate chromatograpmc
punﬁcatlon.

Chromatographic purification of the Transferases

A column (2.5 x 10 cm) was packed with SO ml of Chelating Sepharose ff. gel and
charged with Ni-sulphate (according to the method described by manufacturer,
Amersham Bijosciences). The column was equilibrated with 200 ml of 20 mM
NaH,PO4, pH 7.4, 500 mM NaCl, 10 mM Imidazole. 400 ml of crude was applied to

the column at a flow rate of 5 ml/min. The column was then Washed with 20 mM
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NaH,POq, pH 7.4, 500 mM NaCl, 10 mM Imidazole until the UV, reached the base
hne The GCAT was then eluted with 40 ml of 20 mM NaH,PO,, pH 7.4, 500 mM
NaCl and 500 mM Imldazole

EXAMPLE 5: Fermentation _and Purification of Aeromonas lipid
——-——-——.-—._.__._______2_
acyltransferases produced in Bacillus subtilis. .

Fermentations
BAC0318-19, BAC0323-24

Microorganism

- The microorganisms used in this study originate from transformation 6f a Bacillus

subtilis host strain, #163 with a plasmid containing the gene encoding the deromonas
salmonicida transferase mserted in the vector pUB1100IS. The expression of the gene
is controlled by an alpha-amylase promoter, and the secretion of ‘the transferase is
mediated by the B. subtilis xylanase signal sequence (Example 3). The strains were
named DIDKO0138 (fermentation -BACO3 18-19) and DIDKO0153 (fermentation
BAC0323-24).

Growth media and culture conditions
Pre culture medium ‘
A shake flask (500 mL total volume, with baffles) was added 100 mL of a medium

containing:

NaCl . 5gL
K>,HPO, 10 g/L
Soy flour ' , 20 g/L
Yeast extract, BioSpringer 106 20 g/L
Antifoam, SIN260 . 5mL/L

pH was adjusted to 7.0 before autoclaving

After autoclaving 6 mL 50% (w/w) Nutriose were added pr flask. Kanamycin was
added at a concentration of 50 mg/L after autoclaving. '
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A pre culture shake flask was inoculated with frozen culture directly from a 25% (wWiv)

glycerol stock. The shake flask was incubated at 33°C and 175 rpm for approximately

16 hours, whereupon 50 mL was used to inoculate the fermentor.

Fermentations

The fermentations were carried out in 6 L in house built fermentors.

The batch medium (3 L) contained:
Corn steep liquor (50% dw)
Yeast extract BioSpringer 153 (50% dw)

-NaCl

CaCl,, 2H,0
Mn(NOs),, H,0
Antifoam SIN260

Kanamycin (filter sterilised to the fermentor after autoclaving

The feed contained:
Glucose monohydrate

MgSO4, 7H20
Antofoam SIN260

Yeast extract, BioSpringer 153 (50% dw)
(autoclaved separately)

40 g/L
10 g/L -
5g/lL
0.25 g/L
0.2 g/L
1 mL/L

50 mg/L

540 g/kg

4.8 g/kg
4 mL/kg

150

gkg

The feed in fermentation BAC0318 and BACO0323 was started based on the

accumulated COZ', according to the equations below:
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Feed — flow[g/h]=0, AcCO, <0.15

Feed - flow[g/h]=2.85+-1.54, AcCO, > 0.15and t <12
Feed - flow[g/h] =213t >12

- t: time (hours) from the point when the accumulated CO, (AcCO;) reached 0.15 moles.

The feed in fermentation BAC0319. and BAC0324 was sia.rted based on the
accumulated CO,, according to the équations below:

Feed - flow[g/h] = 0, AcCO, <0.15 -
Feed - flow[g/h]=2.0+-1.08, AcCO, > 0.15and t <12
Feed —flow[g/h]=15,t>12

t: time (hours) from the point whén the accumulated CO2 (AcCO;) reached 0.15 moles.

The pH was controlled at 7.0 by adding 12.5% (w/v) NHj-water or 2M phosphoric
acid. :

The aeration was 3 L/min corresponding to 1 vvm.

The temperature was 33°C. '

The fermentor was equipped with two 8 cm @ Rushton impellers placed with a distance of 10

cm.

Harvest

The biomass was removed by cenﬁ’ifugation at 16,000x g for 10 minutes at room
temperature. The supernatant was filter sterilized, and the filirate was used for
puﬁﬁcation and application tests. | -

EXAMPLE 6 : The “Transferase Assay in Buffered Substrate” for measurement
of acyltransferase aégm' ity of an enzyme.

The lipid acyltransferase was isolated from Aeromonas salmonicida and expressed in
Bacillus subtilis. This enzyme is very efficient in transferring fatty acid from lecithin
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to cholesterol during formation of cholesterol esters. It has also been shown that the
enzyme has some hydrolytic activity, which is observed by the formation of free fatty
acid. Traditional phospholipases (EC3.1.1.4 and EC3.1.1.32) have the ability to
hydrolyse lecithin during formation of free fatty acids and lysolecithin, and no
transferase reactions has been reported for these enzymes.

We detail herein an assay that is able to measure both transferase and hydrolytic
activity of enzymes and thus to identify libid acyltransferases in accordance ‘with the
present invention, the assay uses a substrate which contains lecithin and cholesterol.
In this work a substrate based on phosphatidylcholine and cholesterol dispersed in a
buffer was used. Quantification of reaction products was made by extraction of lipids
from the substréte followed by GLC analysis of the lipid components.

Procedure

Materials

L-alpha-Phosphatidylcholine 95% (Plant) Avanti no. 441601
Cholesterol: Sigma cat. C 8503

Cholesteryl Palmitate, Sigma C 6072

Cholesteryl Stearate, Sigma C 3549

HEPES buffer Sigma cat. No. H 3375

Chloroform, Analytical grade.

Enzymes
Purified GCAT from A. salmonicida #178-9

TLC analysis.

TLC-plate was activated in a heat cupboard (110°C) for % h.

100 ml running buffer was poured into a chromatography chamber with lid. The walls
of the chamber were covered with filter paper (Whatman 2) in order to saturate the

chamber with the solvent vapour.
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The TLC-plate was placed in a frame and the sample was applied onto the TLC plate 2
cm from the bottom. The TLC plate was then placed in the TLC chamber with the
nﬁxning buffer. When the running buffer reached 14 cm from the bottom of thé plate,
the TLC plate was taken out and dried in fame board, and then placed in the heat
cupboard at 110 °C for 10 minutes.

The TLC-plate was then immersed in the developing reagent, and dried in the heat
cupboard at 110 °C for 15 minutes

Running-buffer: '
Nr. IV: Chloroform : Methanol : HO (65:25:4)
Nr.I: P-ether : MTBE : Acetic acid (60:40:1)

Developing buffer (Vanadate-buffer):

32 g Na,CO; ad 300 ml H,0 (1M)

18.2 g vanadate pentoxide (V,Os) is added and dissolved during gentle heating.
The solution 1s cooled to ambient.

Carefully 460 ml 2.5 M H,SO;. (460 m! H,O +61 ml HZSO4) is added

Water is added to 1000 ml.

GLC analysis

Perkin Elmer Autosystem 9000 Capillary Gas Chromatograph equipped with WCOT
fused sﬂlca column 12. 5 mx 025 mm ID x 0.1 p film thickness 5% phenyl-methyl-
silicone (CP Sil 8 CB from Chrompack)

Carrier gas; Helium.

Injector. PSSI cold split injection (initial temp 50°C heated to 385°C), volume 1 Opl
Detector FID: 395°C

Oven program: ' ' 1 2 3
Oven temperature, °C. . 90 280 350
Isothermal, time, min. 1 0 10

Temperature rate, °C/min. 15 4
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Sample preparation: 30 mg of sample was dissolved in 9 ml Heptane:Pyridin, 2:1
containing - internal standard heptadecane, 0.5 mg/ml. 300ul sample solution was
transferred to a crimp vial, 300 pl MSTFA (N-Methyl-N-trimethylsilyl-

trifluoraceamid) was added and reacted for 20 minutes at 60°C.

Calculation: Response factors for mono-di-triglycerides and - free fatty. acid are
determined from Standard 2 (mono-di-triglyceride). The response factors for
Cholesterol, Cholesteryl Palmitate and Cholesteryl Stearate were determined from

pure reference materials.
Results: Transferase assay based on phosphatidylcholine and cholesterol as substrate.

In the following the transferase activity of the transferase was tested in a subsﬁate

based on phosphatidylcholine and cholesterol according to the following procedure.

450 mg phosphatidylcholine (>95% PC Avanti item no. 441601) and 50 mg

cholesterol was dissolved in chloroform and evaporated to dryness under vacuum. 300

mg cholesterol/phosphatidylcholine mixture was transferred to a Wheaton glass and 15

ml 50mM HEPES buffer pH 7 was added. The lipid was dispersed in the buffer during
agitation.

The substrate was heated to 35 °C during mixing with a magnetic stirrer and 0.25 ml
enzyme solution was added. This is a very high water environment of approximately
95% water. 4

Samples of 2 ml were taken out after 0, 5, 10, 15, 25, 40 and 60 minutes reaction time.

Immediately 25 ! 4M HCl was added to acidify the free fatty acid and stop the
enzyme reaction. 3.00 ml chloroform was added, and the sample was shaken
vigorously on a Whirley for 30 seconds. The sample was centrifuged and 2 ml of the
chloroform phase was isolated and filtered through 0.45-um filters into a 10 ml tared
Dram glass. The chloroform was evaporated under a stream of nitrogen at 60°C, and
the samples were scaled again. The extracted lipid was analysed by GLC. .
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The results from the GLC analysis are shown in Table 1. The results are expressed in
% calculated on extracted lipid. The amount of fatty acid and cholesterol ester formed
as a function of time is illustrated in. Figure 45. It can be concluded from Figure 45

that the enzyme reaction is not linear as a function of time, because an initially strong

both hydrolytic and transferase act1v1ty is observed. After apprommately 10 minutes

and until approx1mately 60 minutes the reaction shows an almost linear response of

fatty acid and cholesterol ester formation as a function of time. It was therefore

decided to look at the enzymatic reaction in this time interval.

Table 1

Minutes 0 5 10 15 25 40 60
Cholesterol, % 10.064 | 8943 8.577 | 8.656 8.102 | 7.856 | 7.809
Cholesterol ester, %} 0.000 1.571 2.030 2058 1 2282 | 2.659 |3.081
FFA total, % 0.260 1.197 1.239 1.466 | 2.445 | 2.943 |3.940

From the knowledge about the amount of lipid in the reaction mixture and the amount

of enzyme added it was possible to calculate the formation of fatty acid and cholesterol

ester expressed in pmol/ml enzyme (Table 2 and Figure 46).

Table 2

Minutes 10 15 "~ 25 40 60
pumol/ml jumol/ml pmeUml pmol/ml pmol/ml
FFA total 58.1 68.7 | 114.6 | 138.0 | 184.7
Cholesterol ester | 88.8 | 90.0 99.3 115.6 | 133.8
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Fljorﬁ the results in Table 2 and the slope of the curves in Figure 46 it was possible to

calculate the amount of fatty acid and cholesterol ester as a function of time expressed

in pmol/min per m! enzyme.

The calculation of the hydrolytic activity and the transferase :clctivity is shown in Table

3. The relative transferase activity was determined using the protocol for the

determination of % acyltransferase activity as described hereinbefore,

Table 3
Hydrolytic activity (fatty acid) 2.52 pmol/min per ml enzyme
Transferase activity(cholesterol ester) 0.94 pmol/min per ml enzyme
Total activity 3.45 pmol/min pér ml enzyme
Re}ative Transferase activity 27.1 %
Relative hydrolytic activity 72.9 %

Screening of other enzymes for transferase activity.

The method mentioned above was used to screen different lipolytic enzymes for

transferase and hydrolytic activity. The enzymes were tested as shown in Table 4.

Table 4

1 2 3 4 5
Substrate ml 15 15 15 15] 15
#178-9Transferase A. salmonicida 32 PLU-7/ml| ml 0.25
5% #3016, LIPOPAN® F (F. oxysporum) ml 0.25 .
5%, Thermomyces lanuginosus ml 025
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P% Candida rugosa #2983 ml 025
5% Candida cylindracea #3076 ml 0.25]

The substrate containing 300mg phosphatidylcholine/cholesterol dispersed in 50 mM
HEPES buffer pH 7.0 was heated to 35 °C with agitation. Enzyme solution was added
and the sample was kept at 35 °C with agitation. Samples were taken out with regular
5 interval and extracted with Chloroform. The isolated lipids were analysed by GLC

with results shown in Table 5.
Table 5
Sample
1 [Transferase 178-9
Minutes 0 5 10p 15 25| 40 60]
FFA 1.216] 2.516{ 2.983| 2.62| 2.894|3.448| 3.911
. Cholesterol 7.547 6.438) 6.365| 6.15] 6.136]5.936] 5.662
IChl. Ester O 1.835| 2.177 2.44] 2.58/2.851| 3.331
Fusarium oxysporum
2 (LIPOPAN®F) 0 s| 100 150 25 40 60
FFA 1.216) 1.345] 1.796] 1.95 2.487|2.424] 2.977
Cholesterol 7.547 7309 7.366[ 7.33| 7.4297.341| 7.326
Chl. Ester 0f 0.26 0.386] 0.35| 0.267| 0.36] 0.394
3 [Thermomyces lanuginesus 0 S| -10 15 25 40 60
FFA 1.216] 0.853| 0.875] 1] 0.896{1.105 1.009
Cholesterol 7.547 1384 7.639 7.63] 7.6757.603] 7.529
Chl. Ester 0 o0 0 0 0 0 0
4  KCandida rugosa (#2938) 0 5 100 15 25 40 60
FFA 1.216] 0.982 0.987| 1.02] 1.135/1.131] 1.19§
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Cholesterol 7.547) 7.438| 7.656] 7.66] 7.6387.579 7.585
Chl. Ester 0 0 0 0 0 o 0
Candida cylandraceq

5 {#3076) o 0 5 100 15 25 40, 60f
FFA - |1216 1.032 1.097] 1.07] 1.203(1.131] 1.43
Cholesterol 7.547 7.502 7.425| 7.65| 7.6197.502] 7.411
Chl. Ester 0 0 o o0 0 0

10

15

From the GLC analysis it was observed that only the lipid acyltransféfés’e (178-9)

produced significant amount of cholesterol ester and fatty acids. Phospholipase from

Fusarium oxysporum also gave a steady increase in free fatty acid but only an initial

small amount formation of cholesterol ester was formed but no increase in cholesterol

ester as a function of time was observed.

Based on the knowledge about the amount of lipid substrate and the GLC analyses it

was possible to calculate the relative transferase activity and the relative hydrolytic

activity based on the results from 10 to 60 minutes reaction time, The results from

Transferase 178-9 and Fusarium oxysporum lipase are shown in Table 6. The other

enzymes tested showed no activity.

Table 6 -

Transferase 178-[Fusarium |
_ 9 OXysporum
Hydrolytic activity, micromole/min per ml enzyme 1.03 0.96
Transferase activity, micromole/min per ml enzyme 0.40 0.01
Total activity, micromole/nﬁn per ml enzyme 1.43 0.98
Relative hydrolytic activity 71.8 98.7
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Relative transferase activity 282 13

The result shown in Table 6 confirm a significant transferase activity from the lipid
acyltransferase (sample 178-9). It is also observed that the relative transferase activity

is in good agreement with the experiment mentioned in Table 3.

A very low transferase activity form Fusarium oxysborum phospholipase is however
observed. This transferase level is so low that it falls within the uncertainty of the
analysis. As expected Fusarium oxysporum phospholipase has a 51g111ﬁcant hydrolytic
activity.

Conclusion.

~ An artificial substrate based on purified phosphaﬁdylcholine and cholesterol was used

as a substrate to measure the activity of transferase frbm Aeromonas salmonicida.
Between 10 minutes and 60 minutes reaction time the assay gave an almost linear
formation of free fatty acids and cholesterol ester as a function of time. Based on the
activity between 10 and 60 minutes reaction time the hydrolytic activity and the
transferase activity was calculated.

Based on the results from the assay of the lipid acyltransferase (in this instance a
GCAT) . from Aeromonas salmonicida in a artificial  substrate of
phosphatidylchéline/chp]esterol in buffer it is concluded that this enzyme has very

good transferase activity alsoina system with a very high water content.
The phosphatidylcholine/cholesterol in buffer assay, can be used to measure the
transferase and hydrolytic activity of an enzyme. The phosphatldylchohne/cholesterol

in buffer is-only linear within a certain time limit.

EXAMPLE 7: Immobilisation of a lipid acvltransferase' from Aeromonas

salmonicida
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A lipid écyltransferase (in this instance a GCAT) from A. salmonicida was
immobilised on Celite 535 535 (from Fluka) by acetone precipitation. 10 ml enzyme
solution in 20 mM TEA buffer pH 7 was agitated slowly with 0,1 gram Celite 535 535
(from Fluka) for 2 hours at room temperature.

50ml cool acetone was added during continued agitation.

The precipitate was isolated by centrifugation 5000 g for 1 minute.

The precipitate was washed 2 times with 20 ml cold acetone.

The Celite was tried at ambient temperature for about 1 hour

water content (6- 89 % )water environments, the use of the transferase, and other
transferases for use in the invention can therefore also be used in immobilised enzyme
applications with a significant water content. This allows the replacement of the
solvents used by the current immobilised lipases in the bioconvertion of lipids using

transferases.

EXAMPLE 8: Variants of a lipid acyltransferase from_Aeromonas hydrophila

(Ahyd2) (SEQ ID No. 36 (see Figure 47))

Mutations were introduced using the QuikChange® Multi-Site Directed Mutagenesis
kit from Stratagene, La Jolla, CA 92037, USA following the instructions provided by
Stratagene.

Variants at Tyr256 showed an increased activity towards phospholipids.

Variants at Tyr256 and Tyr260 showed an increased activity towards galactolipids.

Variants at Tyr265 show an increased transferase activity with galactolipids as the acyl

donor.
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. The numbers indicate positions on the following sequence: An e;izyme from

Aeromonas hydropizila the amino acid sequence. of which is shown as SEQ ID No. 36
in Figure 47 (the underlined amino acids show a xylanase signal peptide). The
nucleotide sequence is as shown as SEQ ID No. 54 in Figure 48.

EXAMPLE 9 “Assay in Low Water Environment”

Transferase reactions of lipolytic eﬁzymes in low water environment .

Pfocedure

- Materials.

Cholesterol Sigma cat. C 8503
L-alpha-Phosphatidylcholine 95% (Plant) Avanti #441601
Soybean oil, Aarhus United, DK. '
Chloroform, Analytical grade

Eﬂzymes. .

#179, GCAT from A4. salmonicida -

#2427, Phospholipase AI from F usarfum oxysporum. LIPOPAN®F from Novozymes,
Denmark '

#1991, Phospholipase A2 from Pancreas, LIPOMOD 22L from Biocatalysts, UK
#2373, Candida Amarctica lipase, Novozyme 525 L from Novozymes Denmark.

E € assa

13.1 % Lecithin and 6.6% cholesterol was dissolved in soybean oil by heating to

60 °C during agitation '

The substrate was scaled in a 20ml Wheaton glass and heated to 46 °C

Water and enzyme solution was added and a stopwatch is started. ,
At regular intervals 50 mg samples ware transferred to a 10ml Dram glass and frozen.
The isolated lipids were analysed by GLC
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GLC analysis

For GLC analysis protocols — see example 6

Resiults

The experiment was set up as shown in Table 8.
The substrate based on soybean oil containing 13.1 % lecithin and 6.6% cholesterol

was heated to 46°C. The enzymé solution was added and a stopwatch started.
After 30, 60 and 120 minutes reaction time samples were taken out for GLC analysis.

Table 8

1 2 3 4 5
Substrate ) Gram 5 5 5 5 5
Transferase #179-C72, 56 PLU-7/ml MI 0.3
#2427, 200 PLU-7/ml Ml 0.3
Pancreas PLA 2 #1991 6300 PLU/ml Ml : 0.3
Novozyme 525 L, #2373, 200 LIPU/mIM1 0.3
Water Mi 0.3
% water - 6 6 6 6 6

The results from the GLC analysis is shown in Table 9. The results are expressed in
percent based total sample composition. Based on the GLC results it was possible to
calculate the amount of fatty acid and cholesterol ester produced by enzymatic
reaction relative to the control sample without enzyme added. Under these
experimental conditions the total enzymatic activity was estimated as the hydrolytic
activity measured as free fatty acid formation and the transferase activity estimated as

cholesterol ester formation. From these results and the information about molecular
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weight of fatty acid and cholesterol ester it was possible to calculate to relative molar

hydrolytic activity and the relative molar transferase activity as shown in Table 10.

- Table 9
Reaction Cholestero .
Enzyme time  Fattyacid 1 . Cholesterol ester
minutes % . % | %
Comtol 120 0533 7.094 0.000
#179 - 30 0.770  5.761 2.229
#179 60 . 0852 5369 2.883
#179 120.  0.876-  4.900 3.667
#2427 30 3269  7.094 0.000
#2427 60 . 3420 - 7.094  0.000
#2427 120 3710 7.094 0.000
#1991 30 2.871  7.094 0.000
#1991 60 3578  .7.094 0.000
#1991 120 3928 - 7.094  0.000
#2373 30. 1.418  7.094 0.000
#2373 60 1421  7.094 0.000
#2373 120 1.915  7.094 0.000
Table 10
Reaction

Enzyme time Fatty acid CholesterolCholesterol ester Hydrolytic Transferas

. minutes produced Used produced activity  Activity
% %
#179 30 0.238 1.334 . 2.229 20 80

#179 - 60 0319 1.725 2.883 21 79
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#79 120 0.343 2.195 3.667 18” 82
#2427 30 2737 0.000 0.000 100 0
427 . 60 2887  0.000. 0.000 100 0
#0427 120 3177 0.000 0.000 100 0
#1991 30 . 2338 0.000 0.000 100 0
#1991 60 3046 0.000 0000 100 0
#1991 120 3395 0.000 0.000 . 100 0
#2373 30 0.885 0000 -  0.000 100 0
#2373 .60 0888 0000  0.000 100 0
#2373 120 1383 0000 ° 0.000 100 0

Conclusion
In these experiments it was observed that all the tested enzymes showed hydrolytic
activity because the amount of fatty acid increased. However the only enzyme which

showed transferase activity was GCAT from 4. salmonicida Tt is therefore concluded

. that in an oily system with lecithin and cholesterol containing 6% water- phosphohpase

Al from Fusarium oxysporum , phospholipase A2 from pancreas and a hpase from

Candzda antarctica only showed hydrolytxc activity.

Example 10: Carbohydrate ester production with __immobilised lipid

acytransferase according to the present invention.

Carbohydrate esters of fatty acids like sucrose esters and glucose esters are
traditionally produced by the reaction of a fatty acid or a fatty ac1d soap ‘and the
carbohydrate at high temperature (Journal of the Americal Oil Chemists’ Soc1ety
(1978) 55; 4; 398-401) This procedure however has the disadvantage of forming side

reactions and coloured by-products.

In the present invention carbohydrate esters of fatty acids are produced by a transferase
reaction using lecithin as fatty acid donor and a carbohydrate like glucose as acceptor

molecule,
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The reaction is conducted in a flow reactor with a lipid acyl transferase immobilised

on a solid support.

Procedure.

100 gram glucose is dissolved in 1000 ml water during agitation then 200 gram
phosphatidylcholiﬁe is dispersed in the water phase duﬁng agitation and heated to
40°C. " )

pH is adjusted to pH 6.5.

A flow reactor is packed with 100 g of a lipid acyltransferase from A.A salmonicida
immobilised on a solid support.

The flow reactor is placed in a heating cabinet at 40 °C

The reaction mixture is pumped into the column with 2 ml / min. -

The reaction broduct is collected. _

The water in the reaction product is removed by thin film vacuum evaporation and the

lipids isolated.

‘The glucose ester is separated from the other lipids by solvent fractionation.

Carbohydrate esters can be used for many applications, such as efficient emulsifiers

within the food and non-food industry

Example 11 — Protein_ester production with a lipid acytransferase according to

the present invention.

In the present invention fatty-acid condensates of amino acids, peptides or proteins are
produced by a transferase reaction. In this reaction phosphatidylcholine is used as
donor for the transfer of fatty acid to the free hydroxyl group of amino acids (such as
tyrosine, serine or threonine) having a free hydroxyl group available for esterification.

Procedure 1.

50 gram l-tyrosine (or serine or threonine) is dissolved in 1000 ml water during
agitation then 200 gram phosphatidylcholine is dispersed in the water phase during
agitation and heating to 40°C. '
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pH is adjusted to pH 7 and kept at this pH with NaOH or HCI.

50 ml of the lipid acyltransferase enzyme from A. salmonicida is added and the
reaction is continued at 40 °C with agitation.

Samples are taken out at regular intervals and analysed by TLC and HPLC.

After 20 h reaction time the reaction has reached equilibrium and the reaction is
stopped.

Tyrosine fatty acid condensate, lecithin and lysolecithin are isolated from the reaction
media by centrifugation according to standard methods (see “Centrifiges, Filtering” in
Ullmann's Encyclopedia of Industrial Chemistry for example (2002) by Wiley-VCH
Verlag GmbH & Co. KgaA).

Tyrosine fatty acid condensate is further purified by hydrophobic interaction column
cMométography and the fraction containing tyrosine fatty acid condensate is isolated
and the solvent removed by evaporation. (see ‘Basic Principles of Chromatography* in
Ullmann's Encyclopedia of Industrial Chemistry (2002) by Wiley-VCH Verlag GmbH
& Co.KGaA)

Procedure 2.

In the following the transferase activity of a lipid'acyltra.nsferse is tested in a substrate

based on phosphatidylcholin and I-tyrosine according to the following procedure.
450 mg phophatidylcholine (>95% PC Avanti item no. 441601) and 50 mg l-tyrosine
is scaled in a Wheaton glass and 15 ml 50mM HEPES buffer pH 7 is added. The lipid

is dispersed in the buffer during agitation.

The substrate is heated to 35 °C whilst mixing with a magnetic stirrer and 0.25 ml
Transferase 10 PLU/ml is added.

Samples of 2 ml are taken out after 0, 5, 10, 15, 25, 40 and 60 minutes reaction time,
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Immediately 25 pl 4M HCl fs added to acidify the free fatty acid and stop the enzyme
reaction. 3.00 ml chloroform is added, and the sample is shaken vigorously on a
Whirley for 30 seconds. The sample is centrifuged and 2 ml of the chloroform phase is
isolated and filtered through 0.45-um filters into a 10 ml tared Dram glass.

The chloroform is evaporated under a steam of nitrogen at 60°C, and the sample is
scaled again. The extracted lipid is analysed by TLC.

Example 12 — Hydroxy acid ester (in particular lactic acid ester) production with

a lipid acytransferase according to the present invention.

Hydroxy esters of fatty acids are traditionally produced by the reaction between a fatty
acid and a hydroxy acid at high temperature using an inorganic salts' or metal ions as
catalysts (see for example Bailey’s Industrial Oil and Fat Products, Fifth edition,
Volume 3. Edible Oil and Fat Products: Products and Application Technology, page
502-511.) This procedure however has the disadvantage of forming side reactions and

coloured by-products.

In the present invention hydroxy acid esters of fatty acids are produced.by a
transferase reaction using lecithin as fatty acid donor and a hydroxy acid (in particular

lactic acid) as acceptor molecule.

Procedure.
50 gram lactic is dissolved in 1000 ml water whilst agitating, then 200 gram

phosphatidylcholine is dispersed in the water phase during agitation and heated to
40°C.

pH is adjusted to pH 6.5 and kept at this pH with NaOH or HCI.

50 ml of lipid acyltransferase enzyme from A4. salmonicida is added and the reaction is
continued at 40 °C whilst agitating,
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Samples are taken out at regular intervals and analysed by TLC and GLC,

After 20 h reaction time the reaction has reached equilibrium and the reaction is
stopped.

Lactic acid ester, lecithin and lysolecithin are isolated from the reaction media by
centrifugation according to standard methods (see “Centrifiges, Filtering” in
Ullmann's Encyclopedia of Industrial Chemistry for example (2002) by Wiley-VCH
Verlag GmbH & Co. KgaA).

Lactic acid ester is further purified by molecular distillation and a lactic acid ester of
fatty acid with high purity is obtained.

Example 13 —Citric acid ester production with a lipid acytransferase according to

the present invention.

Transferase assay based on phosphatidylcholin and citric acid as substrate.

In the following the transferase activity of lipid acyl transferase from 4. salmonicida
is tested in a substrate based on phosphatidylcholin and citric acid according to the

following procedure.
450 mg phophatidylcholine (>95% PC Avanti item no. 441601) and 50 mg citric acid
is scaled in a Wheaton glass and 15 ml 50mM HEPES buffer pH 7 is added. The lipid

is dispersed in the buffer during agitation.

The substrate is heated to 35 °C during mixing with a magnetic stirrer and 0.25 ml
lipid acyltransferase from 4. salmonicida 10 PLU/ml is added.

Samples of 2 ml are taken out after 0,5, 10, 15, 25, 40 and 60 minutes reaction time,
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hmhediately 25 ul 4M HCl is added to acidify the free fatty acid and stop the enzyme
reaction. 3.00 ml chloroform is added, and the sample is shaken vigorously on a
Whirley for 30 seconds. The sample is centrifuged and 2 ml of the chloroform phase is
isolated and filtered through 0.45-pm filters into a 10 ml tared Dram glass.

The chloroform is evaporated under a steam of nitrogen at 60°C, and the sample is
scaled again. The extracted lipid is analysed by TLC .

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the present invention will bé apparent to those skilled in the art without departing
from the scope and spirit of the present invention. Although the present invention has
been described in connection with specific preferred embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out
the invention which are obvious to those skilled in biochemistry and biotechnology or

related fields are intended to be within the scope of the following claims.
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE .

: . INTERNATIONAL FORM
Danisco A/S RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
Langebrogade 1 . : -issued pursuant to Rule 7.1 by the
DK-1001 Copenhagen . INTERNATIONAL DEPOSITARY AUTHORITY
Denmark - identified at the bottom of this page
NAME AND ADDRESS OF DEPOSITOR
L IDENTIFICATION OF THE MICROORGANISM .
Identification reference given by the .- " Accession num!;ei' given by the
DEPOSITOR: . ) _ INTERNATIONAL DEPOSITARY AUTHORITY:
Escherichia coli ) - NCIMB 41204

TOP10pPet]2aAhydro

1. SCIENTI FIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by: *

a scieritific description

X la proposed taxonomic designation

(Mark with a cross where applicable)

(1. 'RECEIPT AND ACCEPTANCE )

This International Depositary Authority acceﬁts the nﬁcroorganiém identified under I above, which was received by iton
22 December 2003  (date of the original deposit)' '

IV. RECEfPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International Depositary Authorify on
(date of the original deposit) and a request to convert the original deposit to a deposit under the Budapest Treaty was received
byiton ’ .

(date of receipt of request for conversion)

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Ld., : Signature(s) of person(s) having the power to represent the
, _ International Depositary Authority or of authorised
' ) ' oﬁicial’(s)) (9 ’
Address: 23 St Machar Drive ' /esence ;‘ EL
Aberdeen Date: 9 January 2004 .
AB24 3RY
Scotland, UK.

! Where Rule 6/4(d) applies, such date is the date on which the status of International Depositary Authority was

acquired.
Form BP/4 (sole page)
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. BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE :

INTERNATIONAL FORM
. {Danisco A/S : VIABILITY STATEMENT
. {Langebrogade 1 issued pursuant to Rule 10.2 by the
DK-1001 Copenhag : INTERNATIONAL DEPOSITARY AUTHORITY
Denmark o identified on the following page

. NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT

IS ISSUED
L DEPOSITOR II. IDENTIFICATION OF THE MICROORGANISM
| Name: -" AS ABOVE ’ : Accession number given by the
. ) INTERNATIONAL DEPOSITARY AUTHORITY:
Address: : NCIMB 41204
: Date of the deposit or of the transfer’: .’
22 December 2003

UL VIABILITY STATEMENT

The viability of the microorganism identified under 1I above was tested on 22 December 2003 2. On that date, the said .m.icroorganism
was: ’ .

X viable

no loﬂga viable

! ' Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant
date (date of the new deposit or date of the transfer). '

2 In the cases referred to in Rule 10.2(a)(ii) and (iif), refer to the most recent viability test.

- Mark with a cross the applicable box.

Form BP/ (first page)
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v. CONDITI(_)NS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED*

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Ltd,, Signature(s) of person(s) having the power

. to represent the International Depositary -
Addrm 23 St Machar Dnve ’ Authonty or of authorised official(s):
Aberdeen

AB24 3RY _ : :>.L.\3
Scotland ’ . Date: 9 January 2004 . ‘—L

o Fill in if the information has been requested and if the results of the test were negaﬁve.

Form BP/9 (second and last page)'
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM
Danisco A/S : _ C RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
| Langebrogade 1 - ) issued pursuant to Rule 7.1 by the .
DK-1001 Copenhagen INTERNATIONAL DEPOSITARY AUTHORITY
Penmark - ’ ' identified at the bottom of this page
NAME AND ADDRESS OF DEPOSITOR

L IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the ' . Accession number given b.y the

DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:

Escherichia coli ' - NCIMB 41205

TOP10pPet12aAsalmo

1L SCIENTI FIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:

a scientific description

x | aproposed taxonomic designation

(Mark with a cross where applicable)

M. RECEIPT AND ACCEPTANCE

This Intemnational Depositary Authority accepts the microorganism identified under I above, which was received by it on
22 December 2003  (date of the original deposit)’

'

1V. _RECEIPT OF REQUEST F OR CONVERSION -

The microorganism identified under I above was received by this International Depositary Authority on . -
(date of the original deposit) and a request to convert the original deposit to a deposit under the Budapest Treaty was received
byiton - . . ’

(date of receipt of request for conversion)

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Ltd., 4 ‘Signature(s) of person(s) having the power to represent the
International Depositary Authority or of authorised

. : oﬁicia](s):/ .
. - ;) T
Address: 23 St Machgr Drive : A WJE_L

Aberdeen . Date: 9 January 2004
* AB24 3RY

Scotland, UK.

! Where Rule 6/4(d) applies, such date is the date on which the status of Intemnational Depositary Authority was
acquired. .
Form BP/4 (sole page)
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM
Danisco A/S . . VIABILITY STATEMENT
Langebrogade 1 . . issued pursnant to Rule 10.2 by the
DK-1001 Copenhagen ’ | INTERNATIONAL DEPOSITARY AU’I'HORITY
Denmark ldentlﬁed on the following page

NAME AND ADDRESS OF THE PARTY -
TO WHOM THE VIABILITY STATEMENT

IS ISSUED
L DEPOSITOR ) I IDENTIFICATION OF THE MICROORGANISM
Name: AS ABOVE ) ‘ Accession number given by the
INTERNATIONAL DEPOSITARY AUTHOR]TY

Address: : ‘ ..~ NCIMB 41205
’ . : ; - Date of the deposit or of the transfer':

22 December 2003

I VIABILITY STATEMENT

The-viabi]ity of the microorganism identified under I above was tested on 22 December 2003 2. On that date, the said microorganism

3

l X viable
[ '_':‘ no longer viable

! Indlcate the date of the original deposxt or, where a new deposit or a transfer has been made, the most recent relevant
date (date of the new deposnt or date of the transfer).

2 In the cases referred to in Rule 10.2(a)(u) and (iif), refer to the most recent viibility test.

2 Mark with a cross the applicable box.

Form BP/9 (first page)
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IV.  CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED*

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Ltd., Signature(s) of person(s) having the power
- . - to represent the International Depositary
Address: 23 St Machar Drive Authority or of authorised official(s): . -
Aberdeen ' e '
AB24 3RY : foarén e ’>°~’-—3 ‘7
Scotland Date: 9 January 2004

4 Fill in if the information has been requested and if the results of the test were negative.

Form BP/9 (second and last page)
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CLAIMS
A method of producing one or more of a carbohydrate ester, a protein ester, a

protein subunit ester, a hydroxy acid ester, which method comprises admixing

an acyl donor, an acyl acceptor and water to produce a high water environment

comprising 5-98% water, wherein said acyl donor is a lipid substrate selected

from one or more of the group consisting of a phospholipid, a
lysophospholipid, a triacylglyceride, a diglyceride, a glycolipid or a
lysoglycolipid and said acyl acceptor is selected from one or more of the group
consisting of a carbohydrate, a protein, a protein subunit, or a hydroxy acid;
and contécting the admixture with a lipid acyltransferase, such that said lipid
acyltransferase catalyses one or both of the following reactions: alcoholysis or
transesterification. - ‘

A method according to claim 1 wherein the lipid -acyltransfe_rase is
immobilised. _ ' .

A method according to claim 1 or claim 2 wherein the method comprises
purifying the carbohydrate ester, protein ester, protein subunit ester, hydroxy
“acid ester. ,

A method according to any one of claims 1-3 wherein the lipid acyltransferaée
is characterised as an enzyme which possesses acyl transferase activity and
which comprises the amino acid sequence motif GDSX, wherein X is one or
more of the following amino acid residues L,A,V,LF,Y,H,Q,T,N,MorS.
A method according to any one of the preceding claims wherein the lipid
acyltransferase enzyme comprises H-309 or comprises a histidine residue at a
position corresponding to His-309 in the amino acid sequence of the
Aeromonas hydrophila lipolytic enzyme shown as SEQ ID No. 2 or SEQ ID
No. 32.

A method according to any one of the preceding claims wherein the lipid

' acyltransferase is obtainable from an organism from one or more of the

following genera: Aderomonas, Streptomyces, Saccharomyces, Lactococcus,

Mycobacterium, Streptococcus, Lactobacillus, Desulfitobacterium, Bacillus,
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Campylobacter, Vibrionaceae, ~ Xylella,  Sulfolobus, - Aspergillus,
Schizosaccharomyces,  Listeria, Neisseria, Mesorhizobium, Ralstonia,
Xanthomonas and Cc;ndida. ‘

A method according to any one of the preceding claims wherein the lipid
acyltransferase comprises one or more of the following amino acid sequences:

(1) the amino acid sequence shown as SEQ ID No. 2; (ii) the amino acid

- sequence shown as SEQ ID No. 3; (iii) the amino acid sequence shown as SEQ

ID No. 4;' (iv) the amino acid sequence shown as SED ID No. 5; (v) the amino
acid sequence shown as SEQ ID No. 6; (vi) the amino acid sequence shown as
SEQ ID No. 12, (vii) the amino acid sequence shown as SEQ ID No. 20, (viii)
the amino acid sequence shown as SEQ ID No. 22, (ix) the ‘amino acid
sequence shown as SEQ ID No. 24, (x) the amino acid sequence shown as SEQ
ID No. 26, (xi) the amino acid sequence shown as SEQ ID No. 28, (xii) the
amino acid sequence shown as SEQ ID No. 30, (xiii) the amino acid sequence
shown as SEQ ID No. 32, (xiv) the amino acid sequence shown as SEQ ID No.
34, or an amino acid sequence which has 75% or more identity with any one of
the sequences shown as SEQID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID
No. 5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 20, SEQ ID No. 22, SEQ
ID No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32 or
SEQ ID No. 34. |

Use of a lipid acyltransferase to produce one or more of a carbohydrate ester, a
protein ester, a protein subunit ester, or a hydroxy acid ester by catalysis of one

or both of alcoholysis or transesterification in an admixture of an acyl donor,

~ an acyl acceptor and water, which admixture comprises 5-98% water, wherein

said acyl donor is a lipid substrate selected from one or more of the group
consisting of a phospholipid, a lysophospholipid, a triacylglyceride, a
diglyceride, a glycolipid or a lysoglycolipid and said acyl acceptor is selected

from one or more of the group consisting of a carbohydrate, a protein, a protein

- subunit, or a hydroxy acid.

Use according to claim 8 wherein the lipid acyltransferase is immobilised.
Use according to claim 8 wherein the carbohydrate ester, protein ester, protein

subumit ester or a hydroxy acid ester is purified.
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Use according to any one of claims 8-10 wherein the lipid acyltransferase is
characterised as an enzyme which possesses acyl transferase activity and which
comprises the amino acid sequence motif GDSX, wherein X is one or more of
the following amino acid residues L, A, V, 1, F, Y,H,Q, T,N,MorS.

Use according to any one of claims 8-11 wherein the lipid acyltransferase

enzyme compnses H-309 or comprises a histidine residue at a position

_ correspondmg to HJS-309 in the amino acid sequence of the Aeromonas

hydrophila hpolytlc enzyme shown as SEQ ID No 20or SEQID No 32.°

Use according to any one of claims 8-12 wherem the lipid acylu'ansferase is
obtainable from an organism from one or more of the followmg genera:
Aeromonas, Streptomyces, Saccharomyces, Lactococcus, Mycobacterium,
Streptococcus, Lactobaczllus Desulfitobacterium, Bacillus, Campylobacter
Vibrionaceae, Xylella, Sulfolobus, Aspergillus, Schlzosaccharomyces Listeria,
Neisseria, Mesorhizobium, Ralstonia, Xanthomonas and Candida.

Use according to any one of claims 8-13 wherein the lipid acyltransferase

comprises one or more of the following amino acid sequences: (i) the amino

acid sequence shown as SEQ ID No. 2; (ii) the amino acid sequence shown as
SEQ ID No. 3; (ii) the amino acid sequence shown as SEQ ID No. 4; (iv) the
amino acid séquence shown as SED ID No. 5; (v) the amino acid sequence
shown as SEQ D No. 6; (vi) the amino acid sequence shown as SEQ ID No.
12, (vii) the amino acid sequence shown as SEQ ID No. 20, (viii) the amino
acid sequence shown as SEQ ID No. 22, (ix) the amino acid sequence shown as
SEQ ID No. 24, (x) the amino acid sequence shown as SEQ ID No. 26, (xi) the
amino acid sequence shown as SEQ ID No. 28, (xii) the amino acid sequence
shown as SEQ ID No. 30, (xiii) the amino acid sequence shown as SEQ ID No.
32, (xiv) the amino acid sequence shown as SEQ ID No. 34, or an amino acid
sequence which has 75% or more identity with any one of the sequences shown -
as SEQ ID No. 2, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6,
SEQ ID No. 12, SEQ ID No. 20, SEQ ID No. 22, SEQ ID No. 24, SEQ ID No.
26, SEQ ID No. 28, SEQ ID No. 30, SEQ ID No. 32 or SEQ ID No. 34.

A carbohydrate ester produced by a method according to any one of claims 1-7.
A protein ester produced by a method according to any one of claims 1-7.
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A protein subunit ester produced by a method according to any one of claims

- 1-7.

A hydroxy acid ester produced by a method according to any one of claims 1-7.
An immobilised lipid acyltransferase enzyme.

An immobilised lipid acyltransferase according to claim 19 wherein the lipid
acyltransferase is characterised as an enzyme which possesses acyl transferase
activity and which combﬁses the amino acid sequence motif GDSX, wherein X
is one or more of the following amino acid residues L, A, V.LF,Y,HQT,
N,MorS. . N - '

An immobilised lipid acyltransferase according to claim 19 or claim 20
wherein the lipid acyltransferase enzyme cbmprises H-309 or comprises a '
histidine residue at a position corresponding to His-309 ‘in the amino acid
sequence of the Aeromonas hydrophila lipolytic enzyme shown as SEQ ID No.
2 or SEQ ID No. 32.

An immobilised lipid acyltransferase accordmg to any one of claims 19-21
wherein the lipid acyltransferase is obtainable from an organism from one or
more of the following genera: Aeromonas, Streptomyces, Saccharomyces,
Lactococcus, Mycobacterium, Streptococcus, Lactobacillus,
Desulfitobacterium,  Bacillus, Campylobacter,  Vibrionaceae, Xylella,
Sulfolobus, Aspergillus, Schizosaccharomyces,  Listeria, Neisseria,
Mesorhizobium, Ralstonia, Xanthomonas and Candida.

An immobilised lipid acyltransferase according to any one of claims 19-22

wherein the lipid acyltransferase comprises one or more of the following amino

- acid sequences: (i) the amino acid sequence shown as SEQ ID No. 2; (u) the

amino acid sequence shown as SEQ ID No. 3; (m) the amino acid sequence
shown as SEQ ID No. 4; (iv) the amino acid sequence shown as SED ID No. 5;
(v) the amino acid sequence shown as SEQ ID No. 6; (vi) the amino acid
sequence shown as SEQ ID No. 12, (vii) the amino acid sequence shown as
SEQ ID No. 20, (viii) the amino acid sequence shown as SEQ ID No. 22, (ix)
the amino acid sequence shown as SEQ ID No. 24, (x) the amino acid sequence
shown as SEQ ID No. 26, (xi) the amino acid sequence shown as SEQ ID No
28, (xii) the amino ac1d sequence shown as SEQ ID No 30 (xiii) the amino
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acid sequence shown as SEQ ID No. 32, (xiv) the amino acid seqﬁence shown
as SEQ ID No. 34, or an amino acid sequence which has 75% or more identity
with any one of the séquences shown as SEQ ID No. 2, SEQ ID No. 3, SEQ ID
No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 12, SEQ ID No. 20, SEQID

5 No. 22, SEQ ID No. 24, SEQ ID No. 26, SEQ ID No. 28, SEQ ID No. 30, SEQ
ID No. 32 or SEQ ID No. 34.
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Figure 1

SEQ ID No. 1

1 ivafGDE}Td geayygdsdg ggwgagladr Ltallrlrar prgvdvfnrg isGrtsdGrl

61 ivDalvallF lagslqglpnL pPYLsgdflr GANFAsagAt Ilptsgpfli QuqFkdfksqg -
121 vlelrqalgl 1lqellrllpv ldakspdlvt imiGtNé;it saffgpkste sdrnvsvpef
181 kdnlrqlikr Lrsnngarii vlitlvilnl gplGClPlkl alalassknv dasgclexln
241 eavadfneal relaiskled glrkdglpdv kgadvpyvDl ysifqdldgi gnpsayvyGF
301 ettkaCCGyG gryNynrvCG naglenvtak acnpssylls flfwDgfHps ekGykavAea
361 )

Figure 2

SEQ ID No. 2

1 mkkwfécllg lvaltvqgaad srpafsrivm fgdslsdtgk myskmrgylp ssppyyegrf

61 sngpvwlegl tnefpgltia neaeggptav aynkiswnpk yqvinnldye vtqflgkdsf
121 kpddlvilwv gandylaygw nteqdakrvr daisdaanrm vlngakeill fnlpdlgqnp
181 sarsqkvvea ashvsayhng 1llnlargla ptgmvklfei dkqfaemlrd pgnfglsdqr
241 nacyggsyvw kpfasrsast dsqlsafnpqg erlaiagnpl laqavaspma arsastlnce
301 gkmfwdqgvhp ttvvhaalse paatfiesqy eflah

Figure 3

SEQ ID No. 3

1 mkkwfvcllg lialtvgaad trpafsrivm fgdslsdtgk myskmrgylp ssppyyegrf
61 sngpvwleql tkqfpgltia neaeggatav aynkiswnpk ygqvynnldye vtgflgkdsf
121 kpddlvilwv gandylaygw nteqdakrvr daisdaanrm vlngakqill fnlpdlgqnp
181 sarsqkvvea vshvsayhnk lllnlargla ptgmvklfei dkgfaemlrd panfglsdve
241 npcydggyvw kpfatrsvst drqlsafspg erlaiagnpl laqavaspma rrsasplnce
301 gkmfwdqvhp ttvvhaalse raatfietqy eflahg

Figure 4

SEQ ID No. 4

1 mpkpalrrvm tatvaavgtl algltdatah aapaqatptl dyvalgdsys agsgvlpvdp
61 anllclrsta nyphviadtt garltdvtcg aaqtadftra qypgvapqld algtgtdivt
121 ltiggndnst finaitacgt agvlsggkgs pckdrhgtsf ddeieantyp alkeallgvr
181 arapharvaa lgypwitpat adpscflklp laagdvpylr aiqahlndav rraaeetgat
241 yvdfsgvsdg.hdaceapgtr wiepllfghs lvpvhpnalg errmaehtmd vlglid
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Figure 5

SEQ ID No. 5

1 mpkpalrrvm tatvaavgtl algltdatah aapaqatptl dyvalgdsys agsgvlpvdp
61 anllclrsta nyphviadtt garltdvtcg aaqtadftra qypgvapqld algtgtdlvt
121 ltiggndnst finaitacgt agvlsqgkgs pckdrhgtst ddeieantyp alkeallgvr
181 arapharvaa lgypwitpat adpscflklp laagdvpylr aiqahlndav rraaeetgat
241 yvdfsgvsdg hdaceapgtr wiepllfghs lvpvhpnalg errmaehtmd vlgld

Figure 6
SEQ ID No. 6

1 mdyekfllfg dsitefafnt rpiedgkdqy algaalvney trkmdilqrg fkgytsrwal
61 kilpeilkhe snivmatifl gandacsagp gsvplpefid nirgmvslmk syhirpiiig
121 pglvdrekwe kekseeialg yfrtnenfai ysdalaklan eekvpfvaln kafqgeggda
181 wqqlltdglh fsgkgykifh dellkvietf ypgyhpknmg yklkdwrdvl ddgsnims
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Figure 7

Alignment of pfam00657.6 consensus sequence with P10480
*~>ivafGDS1ITAg. . .veueennrenann eayygdsdgggwgagladrL
iv+EGDS1+dH++ 4+ ++  HHHbHE Hiistg w41 4+ 4+
P10480 28 IVMFGDSLSDTgkmyskmrgylpssppYYEGRFSNGPVWLEQLTNEF 74

tall..rlrarprgvdvfnrgisGrtsdGrlivDalvallFlaqslglpn
+ 1 4+ 4+ 4+

P10480 75 PGLTi1aNEAEGGPTAVAYNKISWNPK 100
LpPYLsgdflrGANFAsagAtIlptsgpflinqudfksqvlequalg
++ 4+

P10480 101 - YQVINN 106
llqellrllpvldakspdlvtimiGtNDlitsaffgpkstesdrquvpe
l+tet+ +41 +++ k+ dlve+++GHND+ ++

P10480 107 LDYEVTQFLQKDSFKPDDLVILWVGAN@Y ———————— LAYGWNTEQDAKR 148
fkdnlrqlikrLrsnngariivlitlvilnlgplGClPlklalalasskn

++d ++++44r+ ngat ++++nl+ 1G+ P+

P10480 143 VRDAISDAANRMV-LNGAK----- EILLENLPDLGQONPS~=—~=~—————~~ 181
vdasgclerlneavadfnealrelaiskledqlrkdglpdvkgadvpyvo
++++ +e + +tatint+l +la +ql+t+gitHrdttd 444

P10480 182 ARSQKVVEAASHVSAYHNQLLLNLA-—---— RQLAPTGMVKLFEIDKQFAE 226

lysifqdldgiqnpsayv.y....GFe.ttkaCCGngr.yNyn.rv.CG
+  FgEHt + + dadbddt A dbtadbddbdbd NFRECE o+
P10480 227 MLRDPQNFGLSDQRNACYgGsvaKPFaSRSASTDSQLSaFNPQeRLaIA 276

nag.l.c.nvtakaC.npssyll.sflwangpsekGykavAeal<—*
+++ 1+ +++tatd +s+ ++++++fwDH+Hp+  +Hat e
P10480 277 GNPlLaQaVASPMAArSASTLNCeGKMFWDQVhPTTVVHAALSEPA 322

Alignment of pfam00657.6 consensus sequence with AAG09304
*->ivafGDSITAg. .. .ovvvvvnn.... eayygdsdgggwgagladrl
ivHEGDSL+di++ 44 4 44434 bH4stg w4l b 4
ARG09804 28 IVMFGDSLSDTgkmys kmrgylpssppYYEGRFSNGPVWLEQLTKQF 74

tallrlrarprgvdvfnrgisGrtsdGrlivDalvallFlaqslglanp
+g+++ n + +G+t
AAG09804 75 == PGLTIANEAEGGAT-- - 88

PYLsgdflrGANFAsagAtIlptsgpflinqudfksqvlelrqa....
+H++ + 4+
ARG09804 89 -- ~=-AVAYNKISWNpkyq 102

..1gllqellrllpvldakspdlvtimiGtNDlitsaffgpkstesdrnv
++1l++e+ +41 +++ k+ dlvi+++GHNDH ++ ++ +4
AAG09804 103 vyNNLDYEVTQFLOKDSFKPDDLVILWVGANDY~————m—mw LAYGWNTEQ 144

svpefkdnlrqlikrLrsnngariivlitlvilnlgplGClPlklalala
++++++d +HH+44r+ ngat ++++4nl+ 1G+ P+
ARG09804 145 DAKRVRDAISDAANRMV-LNGAK-~-—— QILLFNLPDLGONPS———~-—— 181

ssknvdasgclerlneavadfnealrelaiskledqlrkdglpdvkgadv
++++ +e + ++atin++)l +la +ql+++g+H+++4+4d
AAG09804 182 ----ARSQKVVEAVSHVSAYHNKLLLNLA-~——- RQLAPTGMVKLFEIDK 222

pvalysifqdldgiqnpsayv.y....GFe.ttkaCCGngr.yNyn.r
4t Fqi++ £ H+ FHEE R B FEE S 4 4T
AAG09804 223 QFAEMLRDPQNFGLSDVENPCYdquvaPFaTRSVSTDRQLSaFSPQeR 272

v.CGnag.l.c.nvtakaC.npssyll.sflfwDgfHpsekGykavAeal
+ HiH44 1+ +bHtadt 45 H4bEHHEwDHHHDY ++a+ e+
AAG09804 273 LaIAGNP1LaQaVASPMARIrSASPLNCeGRMFWDQVHPTTVVHAALSERA 322

P
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ARG09804 - -

Alignment of pfam00657.6 consensus sequence with-NP_631558
*->ivafGDS1Tdgeayygdsdgggwgagladritallrlrarprgvdve
+va+GDS ++g +g + +++L + 4+ + o+
NP_631558 42 YVALGDPSYSAG-——~————- SGVLPVDPANL~----LCLRSTANYPHV 75

nrgisGrtsdGrlivD.a.l.vallFlaqslglpnLpPYLsgdf1rGANF
+ HGH+ D+ + +
NP_631558 76 IADTTGAR----- LTDVTcGaRQ 93

AsagAtIlptsgpflinqudfksqvlequalgllqelirllpvldak
++ ++ 4+
'NP_631558 94 TADFTRAQYPGVAPQLDALGT 114

spdlvtimiGtNDl....... eeees....itsaffgpkstesdrnvsvp
4+ dlvtd iGHND ++ + 4+ ¥ A+ 4tk
NP_631558 115 GTDLVTLTIGGNDNstfinaitacgtagvlSGGKGSPCKDRHGTSFDDEI 164

efkdn. .lrqlikrlrs.nngariiviitlvilnlg........... plG
e b 1HH4E 4rd4d dart 41 +HidEE 44+ 4+ G
NP_631558 165 EANTYpalKEALLGVRArAPHARVAALGYPWITPATadpscflklplaAG 214

ClPlklalalassknvdasgclerlneavadinealrelaiskledqlrk
P+ 1+ ++a n atr a
NP_631558 215 DVPY-———~-—m——=——=——m——= LRATQAHLNDAVRRAA-~———————= 234

dglpdvkgadvpyvDlysifqdldgiqnpsayvyGFettkaCCGyGgryN
++ & +yvD+ ++ .
NP_631558 235 -=—--- EETGATYVDFSGVSDG - 250'

»ynerGnaglcnvtakaC.npssyll.sflwagf...HpsekGykavAe
++aC+ p +++ + 1f 4+ + + Hpt+ G +++Re
NP_631558 251 —--mmmeememmem BRDACeAPGTRWIePLLFGHSLVPVHPNALGERRMAE 286

alg-*
+
NP_631558 287 HT 288

Alignment of pfam00657.6 consensus sequence with CAC42140
*->ivafGDS1TdgeayygdsdgggwgagladrLtallrlrarprgvdvt
+va+GDS ++g +g + HHL + o+ 4+ 4+
CacC42140 42 . YVALGDSYSAG~——===—=—— SGVLPVDPANL~---LCLRSTANYPHV 75

nrgisGrtsdGrlivD.a.l.vallFlagslglpnLpPYLsgdflrGANF
+ HGHE D+ + +
CAC42140 76 IADTTGAR-~—-- LTDVTCGaAQ~~————~~—r—e—mr— e e m e e e e 93

AsagAtIlptsgpfliQugFkdfksqvielrgalgllgellrllpvldak
+++ +H o+
CAC42140 94 -~ TADFTRAQYPGVAPQLDALGT 114

spdlvtimiGENDl. ... ... ..ol itsaffgpkstesdrnvsvp
+ dlvt+ iGHND ++ + + ++ + ++ + +k ++ + +++
CARC42140 115 GTDLVTLTIGGNDNstfinaitacgtagvlSGGKGSPCKDRHGTSFDDEI 164

efkdn. .lrglikrbrs.nngariivliitlvilnlg........... pP1lG
e  +++ 1444+ drdtt dard L iR B 4 o+ G .
CAC42140 165 EANTYpalKEALLGVRArAPHARVAALGYPWITPATadpscflklplAAG 214

ClPlklalalassknvdasgclerlneavadfnealrelaiskledqlrk
. P+ 1+ ++a n a+r a
CAC42140 215 DVPY LRATQAHLNDAVRRAA-———~=——m= 234

dglpdvkgadvpyvDlysifqdldgignpsayvyGFettkaCCGyGgryN
++ 4+ +yvD+ 44
CAC42140 235 -————- EETGATYVDFSGVSDG 250

ynrvCGnaglcnvtakaC.npssyll.sflfwDgf. . .HpsekGykavAe
++aC+ p #4+ + 1f + + + Hpt+ G +++he
CAC42140 251 ~——————— - HDACeAPGTRWIePLLFGHSLVpVHPNALGERRMAE 286
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al<~*
+
CAC42140 287 HT 288

Alignment of pfam00657.6 consensus sequence with P41734
*—>ivafGD51ng....eayygdsdgggwgaglaertallrlrarprg
++£GDS+T+ . +++ + + d+  ga+l + + +r+
P41734 "6 FLLFGDSITEFafntRPIEDGKDQYALGAALYNEY—~=——~——— TRK 43

vavinrgisGrtsdGrlivbalvallFlaqslglpnLpPYLsgdf1rGAN
. +d+ rg+iGit
P41734 44 MDILQRGFKGYT 55

FAsagAtIlptsgpflinqudfksqvlelrqalgllqellillpvlda
. +r+al++ltet+l+ +

P41734 56 SRWALKILPEILKH-----E 70
kspdlvtimiGtNDlitsaffgpkstesdrnvsvpefkdnqulierrs
+ + ti++G+ND+ ++ +++ vi+pef+dntrgttt+tt+s

P41734 71 SNIVMATIFLGANDA—~-—~- ~—-CSAGPQSVPLPEFIDNIRQMVSLMKS 111
nngariivlitlvilnlgplGClPlklalalassknvdasgclerlneav
HHELi Y ++ k ++ + + rine +

P41734 112 YHIRPIITIGPGLVDREKW-~=-mr—m————— EKEKSEEIALGYFRTNENF 148
adfnealrelaiskledqlrkdglpdvkgadvpvalysifqdldgiqnp
a + al +la ++ +vptv Li++fgt +gitbbt

P41734 149 AIYSDALAKLA-~——-—————=eeem NEEKVPFVALNKAFQOEGGDAWQ 182
sayvyGFettkaCCGyGgryNynrvCGnaglcnvtakaCnpssyllsflf
+ 1+

P41734 183 Q= m e e LL 185

wDgfHpsekGykavAeal<—*
Dg+H+s kGyk+++++1
P41734 186 TDGLHFSGKGYKIFHDEL 203
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Figure 8

A.sal 1  MKKWFVCLLGLIALTVOAADTRPAFSRIVMFEDSTL.SDTGKMYSKMRGYLPSSPPYYEGRF 60
+ ¥
A.hyd 1  MKRWFVCLLGLVALTVOAADSRPAFSRIVMFGDSLSDTGKMYSKMRGYLPSSPPYYEGRF 60

A. sal 61 SNGPVWLEQLTKQFPGLTIANEAEGGATAVAYNKISWNPRYQVINNLDYEVTQFLOKOSF 120
++ +
A. hyd 61 SNGPVWLEQLTNEFPGLTIANEAEGGPTAVAYNKISWNPKYQVINNLDYEVTQFLQKDSE 120

A. -sal 121 KPDDLVILWVGAN;_):.YLAYGWNTEQDAKRVRDAISDAANRMVLNGAKQILLFNLPDLGQNP 180
+
A. hyd 121 KPDDLVILWVGANP;YLAYGWNTEQDAKRVRDAISDAANRMVLNGAKEILLFNLPDLGQNP 180

A. sal 181 SARSQKVVEAVSHVSAYHNKLLLNLARQLAPTGMVKLFEIDKQFAEMLRDPONFGLSDVE 240
+ + .
A.hyd 181 SARSQKVVEAASHVSAYHNQLLLNLARQLAPTGMVKLFEIDKQFAEMLRDPONFGLSDOR 240

++

A. sal 241 NPCYDGGYVWKPFATRSVSTDROLSAFSPQERLATAGNPLLAQAVASPMARRSASPLNCE 300
+ o+ + o+ o+ + + +
A. hyd 241 NACYGGSYVWKPFASRSASTDSQLSAFNPQERLAIAGNPLLAQAVASPMAARSASTINCE 300

A. sal 301 GKMFWDQVHEPTTVVHAALSERAATFIETQYEFLAH 335
+ +
A. hyd 301 GKMFWDQVEPTTVVHAALSEPAATFIESQYEFLAH 335
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Figure 9

ATGAAAADAT GGTTTGTGIG
AGCCGTCCCG CCTTCTCCCG
ATGTACAGCA AGATGCGCGG
TCCAACGGGC CCGTCTGGCT
AACGAGGCGG AAGGCGGACC
TATCAGGTCA TCAACAACCT
AAGCCGGACG ATCTGGTGAT
ARCACAGAGC AGGATGCCAR
GTGCTGAACG GCGCCAAGGA
TCGGCCCGCA GCCAGAAGGT
CTGCTGCTGA ACCTGGCACG
GACAAGCAGT, TTGCCGAGAT
AACGCCTGCT ACGGTGGCAG
GACAGCCAGC TCTCCGCCTT
CTGGCCCAGG CCGTCGCCAG
GGCAAGATGT TCTGGGATCA
CCCGCCGCCA CCTTCATCGA

TTTATTGGGA
GATCGTGATG
TTACCTCCCC
GGAGCAGCTG
GACCGCCGTG
GGACTACGAG
CCTCTGGGTC
GCGGGTGCGC
GATACTGCTG
GGTCGAGGCG
CCAGCTGGCT
GCTGCGTGAT
CTATGTATGG
CAACCCGCAG
CCCCATGGCT
GGTCCACCCC
GAGCCAGTAC

TTGETCGCGC
TTTGGCGACA
TCCAGCCCCC
ACCAACGAGT
GCTTACAACA
GTCACCCAGT
GGCGCCAACE
GACGCCATCA
TTCAACCTGC
GCCAGCCATG
CCCACCGGCA
CCGCAGAACT
AAGCCGTTTG
GAGCGCCTCG
GCCCGCAGCG
ACCACTGTCG
GAGTTCCTCG

TGACAGITCA
GCCTCTCCGA
CCTACTATGA
TCCCGGGCCT
AGATCTCCTG
TCCTGCAARA
ACTATCTGGC
GCGATGCGGC
CGGATCTGGG
TCTCCGCCTA
TGGTGAAGCT
TCGGCCTGAG
CCTCCCGCAG
CCATCGCCGG
CCAGCACCCT
TGCACGCCGC
cCCac

PCT/IB2004/000575

GGCAGCCGAC
TACCGGCAAG
GGGCCGCTTC
GACCATAGCC
GAATCCCAAG
AGACAGCTTC
CTATGGCTGG
CAACCGCATG
CCAGAACCCC
CCACARCCAG
GTTCGAGATC
CGACCAGAGG
CGCCAGCACC
CAACCCGCTG
CAACTGTGAG
CCTGAGCGAG
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Figure 10

ATGAAAAAAT
ACTCGCCCCG
ATGTACAGCA
TCCAACGGAC
AACGAAGCGG
TATCAGGTCT
AAGCCGGACG
AATACGGAGC
GTACTGAACG
TCAGCCCGCA
CTGCTGCTGA
GACARGCAAT
AACCCCTGCT

+GACCGCCAGC

CIGGCACAGG
GGCAAGATGT
CGCGCCGCCA

GGTTTGTTTG
CCTTCTCCCG
AGATGCGCGG
CCGTCTGGCT
AAGGCGGTGC
ACAACAACCT
ATCTGGTGAT
AGGATGCCAA
GTGCCAAGCA
GTCAGAAGGT
ACCTGGCACG
TTGCCGAGAT
ACGACGGCGG
TCTCCGCCTT
CCGTTGCCAG
TCTGGGATCA
CCTTCATCGA

PTTATTGGGG
GATCGTGATG
TTACCTCCCC
GGAGCAGCTG
CACTGCCGTG
GGACTACGAG
CCTCTGGGTC
GCGAGTTCGC
GATACTGCTG
GGTCGAGGCG
CCAGCTGGCC
GCTGCGTGAT
CTATGTGTGG
CAGTCCGCAG
TCCTATGGCC
GGTACACCCG
GACCCAGTAC

TTGATCGCGC
TTCGGCGACA
TCCAGCCCGE
ACCAAGCAGT
GCTTACAACA
GTCACCCAGT
GGTGCCRATG
GATGCCATCA
TTCAACCTGC
GTCAGCCATG
CCCACCGGCA
CCGCAGRACT
AAGCCGTTTG
GAACGCCTCG
CGCCGCAGCE
ACCACTGTCG
GAGTTCCTCG

TGACAGTTCA
GCCTCTCCGA
CCTACTATGA
TCCCGGGTCT
AGATCTCCTG
TCTTGCAGAA
ACTATCTGGC
GCGATGCGGC
CGGATCTGGG
TCTCCGCCTA
TGGTAAAGCT
TCGGCCTGAG
CCACCCGCAG
CCATCGCCGG
CCAGCCCCCT
TGCACGCAGC
CCCACGGATG

PCT/IB2004/000575

GGCAGCCGAC
TACCGGCAAA
GGGCCGTTTC
GACCATCGCC
GAATCCCAAG
AGACAGCTTC
ATATGGCTGG
CAACCGCATG
CCAGAACCCG
TCACAACAAG
GTTCGAGATC
CGACGTCGAG
CGTCAGCACC
CAACCCGCTG
CAACTGTGAG
CCTGAGCGAG
A
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Figure 11

ATGCCGAAGC
GCCCTCGGCC
GACTACGTCG
GCCAACCTGC

GGCGCCCGCC

CAGTACCCGG
CTCACCATCG
GCGGGTGTCC
GACGACGAGA
GCCAGGGCTC
GCCGACCCGT
GCCATCCAGG
TACGTGGACT
TGGATCGAAC
GAGCGGCGCA

CTGCCCTTCG
TCACCGACGC
CCCTCGGCGA
TCTGTCTGCG
TCACGGACGT
GCGTCGCACC
GCGGCAACGA
TCAGCGGCGG
TCGAGGCCAA
CCCACGCCAG
CCTGCTTCCT
CACACCTCAA
TCTCCGGGGT
CGCTGCTCTT
TGGCCGAGCA

CCGTGTCATG
CACCGCCCAC
CAGCTACAGC
CTCGACGGCC
CACCTGCGGC
CCAGTTGGAC
CAACAGCACC
CAAGGGCAGC
CACGTACCCC
GGTGGCGGCT
GAAGCTCCCC
CGACGCGGTC
GTCCGACGGC
CGGGCACAGC
CACGATGGAC

ACCGCGACAG
GCCGCGCCCG
GCCGGCTCCG .
AACTACCCCC
GCCGCGCAGA
GCGCTCGGCA
TTCATCAACG
CCCTGCAAGG
GCGCTCAAGG
CTCGGCTACC
CTCGCCGCCG
CGGCGGGLCCG
CACGACGCCT
CTCGTTCCCG
GTCCTCGGCC

TCGCCGCCGT
CCCAGGCCAC
GCGTCCTGCC
ACGTCATCGC
CCGCCGACTT
CCGGCACGGA
CCATCACGGC
ACAGGCACGG
AGGCGCTGCT
CGTGGATCAC
GTGACGTGCC
CCGAGGAGAC
GCGAGGCCCC
TCCACCCCAA
TGGACTGA

PCT/IB2004/000575

CGGCACGCTC
TCCGACCCTG
CGTCGACCCC
GGACACGACG
CACGCGGGCC
CCTGGTCACG
CTGCGGCACG
CACCTCCTTC
CGGCGTCCGC
cceeeeeace -
CTACCTGCGG
CGGAGCCACC
CGGCACCCGC
CGCCCTGGGC
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Figure 12

TCAGTCCAGG
GGGGTGGACG
GGCCTCGCAG
CTCCTCGGCG
CACGTCACCG
GATCCACGGG
CAGCGCCTCC
GTGCCTGTCC
CGTGATGGCG
CGTGCCGGTG
GTCGGCGGTC
GATGACGTGG
CAGGACGCCG
GGCCTGGGCG
GGCGGCGACT

CCGAGGACGT
GGARCGAGGC
GCGTCGTGGC
GCCCGCCGGA
GCGGCGAGGG
TAGCCGAGAG
TTGAGCGCGG
TTGCAGGGGC
TTGATGAAGG
CCGAGCGCGT
TGCGCGGCGC
GGGTAGTTGG
GAGCCGGCGC
GGCGCGGCET
GTCGCGGTCA

CCATCGTGTG
TGTGCCCGRA
CGTCGGACAC
CCGCGTCGTT
GGAGCTTCAG
CCGCCACCCT
GGTACGTGTT
TGCCCTTGCC
TGCTGTTGTC
CCAACTGGGG
CGCAGGTGAC
CCGTCGAGCG
TGTAGCTGTC
GGGCGGTGGC
TGACACGGCG

10

CTCGGCCATG
GAGCAGCGGT
CCCGGAGAAG
GAGGTGTGCC
GAAGCAGGAC
GGCGTGGGGA
GGCCTCGATC
GCCGCTGAGG
GTTGCCGCCG
TGCGACGCCC
GTCCGTGAGG
CAGACAGAGC
GCCGAGGGCG
GTCGGTGAGG
AAGGGCAGGC

CGCCGCTCGC
TCGATCCAGC
TCCACGTAGG
TGGATGGCCC
GGGTCGGCGG
GCCCTGGCGE
TCGTCGTCGA
ACACCCGCCG
ATGGTGAGCG
GGGTACTGGG
CGGGCGCCCE
AGGTTGGCGG
ACGTAGTCCA
CCGAGGGCGA
TTCGGCAT

PCT/IB2004/000575

CCAGGGCGTT
GGGTGCCGGG
TGGCTCCGGT
GCAGGTAGGG
TGGCCGGGGT
GGACGCCGAG
AGGAGGTGCC
TGCCGCAGGC
TGRCCAGGTC
CCCGCGTGRA
TCGTGTCCGC
GGTCGACGGG
GGGTCGGAGT
GCGTGCCGAC
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ATGGATTACG
AGGCCCATTG
ACGAGAARAA
ARAATACTTC
GGTGCCARCG
AATATTCGTC
CCGGGGCTAG
TACTTCCGTA
GAGGAAARAG
TGGCAACAAC
GACGAATTAT
TACAAACTGA

AGAAGTTTCT
AAGATGGCAA
TGGATATTCT
CTGAGATTTT
ATGCATGCTC
AAATGGTATC

TAGATAGAGA

CCAACGAGAA
TTCCCTTCGT
TGCTAACAGA
TGRAGGTCAT
AAGATTGGAG

GTTATTTGGG

AGATCAGTAT

TCAAAGAGGG
AAAGCATGAA
AGCAGGTCCC
TTTGATGAAG
GAAGTGGGARA
CTTTGCCATT
GGCTTTGAAT
TGGACTGCAC
TGAGACATTC
AGATGTGCTA

11

GATTCCATTA
GCTCTTGGAG
TTCAAAGGGT
TCCAATATTG
CARAGTGTCC
TCTTACCATA
ARAGAAAAAT
TATTCCGATG
AAGGCGTTTC
TTTTCCGGAA
TACCCCCAAT
GATGATGGAT

CTGAATTTGC
CCGCATTAGT
ACACTTCTAG
TCATGGCCAC
CCCTCCCCGA
TCCGTCCTAT
CTGAAGAAAT
CCTTAGCAAA
AACAGGAAGG
AAGGGTACAA
ATCATCCCAA
CTAACATAAT

PCT/IB2004/000575

TTTTAATACT
CAACGAATAT
ATGGGCGTTG
AATATTTTTG
ATTTATCGAT
TATAATAGGA
AGCTCTCGGA
ACTAGCCAAT
TGGTGATGCT
AATTTTTCAT
AAACATGCAG
GTCTTGA
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Figure 14
(SEQ ID No. 12)
10 20 30 40 50 60

] ] I ] ! ]

MNLRQWMGAA TAALALGLAA CGGGGTDQSG NPNVAKVQRM

70

I
GGGKFTTNPG

130
|
GHNGGAGALT

190
!
AIATAQVQQA

250
|
FNTTLQSGLA

310
I
FCSANTLVAS

- 80 90 100
| ] !
PIRAETVAAQ LGVTLTPAVM GYATSVQNCP

140 150 160

| 1 I
YPVQQOQLANF YAASNNTFNG NNDVVEVLAG

200 210 220
{ ’ ] !
ATDLVGYVKD MIAKGATQVY VFNLPDSSLT

260 270 280

! ! 1
GTSARIIDFN AQLTARIQNG ASFGFANTSA

320 330 340
I ' ! |
GADQSYLFAD GVHPTTAGHR LIASNVLARL

VVFGDSLSDI GTYTPVAQAV

110 120

! ]
KAGCFDYAQG GSRVTDPNGI

170 180

| !
SNDIFEWITA AATSGSGVTP

230 240

] ]
PDGVASGTTG QALLHALVGT

290 300

! !
RACDATKINA LVPSAGGSSL

LADNVAH
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Figure 15
(SEQ ID No. 13)
atgaacctgc gtcaatggat gggcgecgee acggctgece ttgecttggg cttggecgeg 60
- tgcgggggeg gtgggacega ccagagegge aatcccaatg tcgccaaggt gcagegcatg 120
gtggtgttcg gcgacagcet gagegatatc ggcacctaca ccecegtege gcaggeggtyg 180
ggcggeggca agttcaccac caacccggge ccgatctggg ccgagaccgt ggccgegcaa 240
ctgggegtga cgctcacgee ggeggtgatg ggctacgeca ccteecgtgeca gaattgecece 300
aaggccgget gcttcgacta tgegcaggge ggctcgegeg tgaccgatce gaacggcatc 360
ggccacaacg geggcegcggg ggegctgace tacccggttce agcagcaget cgecaactte 420
tacgcggcca gcaacaacac attcaécggC»aataacgatg tcgtcttcgt gectggecgge 480
agcaacgaca'ttttcttctg gaccactgcg gcggccacca geggctcegg cgtgacgece 540
gccattgecca cggcccaggt gcagcaggec gegacggace tggtcggcta tgtcaaggac 600
atgatcgcca agggtgcgac gcaggtctac gtgttcaacc tgcccgacag cagectgacg 660
ccggacggeyg tggcaagcgg cacgaccgge caggegetge tgcacgeget ggtgggcacg 720
ttcaacacga égctgcaaag cgggctggec ggcacctcgg cgegcatcat cgacttcaac 780
gcacaactga ccgcggcgat ccagaatgge goctegtteg gettcgecaa caccagcgcec 840
cgggcctgeg acgccaccaa gatcaatgce ctggtgcega gegeccggegg cagctcgctg 900
ttectgetegg ccaacacget ggtggettce ggtgeggace agagctacct gttcgccgac 960
ggcgtgecacc cgaccacgge cggccatcege ctgatcgeca gcaacgtgct ggcgcgectg - 1020

ctggcggata acgtcgegeca ctga 1044
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Figure 16 (SEQ ID No. 20)

1 migsyvavgd sftegvgdpg pdgafv
61 vaeqvprvvg lapdlvsfaa ggndii
121 trgvpvlkhl rgkiatyngh vraiadr
181 rvalraggal glrvpadpdg Pwpplppr

241 hvtakgtlsp daiktriaav a

Figure 17 (SEQ ID No. 21)

1 gtgatcgggt cgtacgtggc ggtgggggac agcttcaccyg agggcgtcgg cgacceegge

61 cccgacgggg cgttegtegg ctgggccgac cggctcgeeg tactgctege ggaccggege
121 ceccgagggeg acttcacgta cacgaaccte gcegtgcgeg gcaggctect cgaccagatc
181 gtggcggaac aggtcecgeg ggtcgtegga ctegegeceg acctegtete gttegeggeg

241 ggcggcaacg
301 ctggcggtgg
361 acccgggggg
421 gtccgegeca
481 gtccaggacc
541 cgggtggcge
601 ccctggcecge
661 gcgcgcgagt
721 cacgtgacgg
781 gcctga

acatcatccg
ccgegetgac
tgccegtect
tcgecgaccg
gcagggcegtg
tgcgcgeggg
ccctgeegec
acctggtgcc
ccaaggggac

gcceggeace
cgeegeggee
caagcacctg
ctacggctge
ggacgccgac
gcaggccctg
gcgcggcacyg
gtggatcggy
gctgtcgecg

14

gatcccgacg
ggaaccgtcce
cgcggcaaga
ccggtgctcg
cggctgcace
ggcctgegeg
ctcgacgtce
cgcecggetge
gacgccatca

aggtcgecga
tggtgaccac
tcgeccacgta
acctgtggtc
tgtcgccgga
tceceggecga
ggcgcgacga
ggggcgagte
agacgcggat

PCT/IB2004/000575

gwad rlavlladrr pegdftytnl avrgrlldgi
rpgt dpdevaerfe lavaaltaaa gtvlivttgfd
ygc pvldlwslrs vgdrrawdad rlhlspeght
gt ldvrrddvhw areylvpwig rrlrgessgd

gcggttcgag
cgggttcgac
caacgggcac
gctgeggage
ggggcacacc
ccctgaccag
cgtgcactgg
gtcgggcegac
cgcecgeggtg
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Figure 18
(SEQ ID No. 22)

1 mgtnpaytsl vavgdsfteg msdlipdgsy
61 ggivdeqvdv aaamgadvit lvgglndtlr
121 spgrqggpvle rfrprmealf aviddlagrh
181 hrrvaeavwq slghepedpe whapipatpp
241 sgdglpakrp dllpyedpar

Figure 19 (SEQ ID No. 23)

61
121
181
241
301
361
421
481
541
601
661
721
781

atgcagacga
atgtcggacc
atggeggeec
ggacagatcg
ctggtcggeg
ctgctgacece
agtcceggtce
gcegtgateg
cagtcgctgg
caccgccggyg
tggcacgcge
gtccggttceg
tceggggacg
tga

accccgegta
tgctgececcga
gctecccegg
tcgacgagceca
ggctcaacga
aggccgtgga
gccagggtce
acgacctggc
ccgacccteg
tcgeggagge
cgatceccgge

_cccggcagea

gcctgecgge

caccagtcte
cggctectac
cttccggtac
ggtggacgtg
cacgctgcegg
acggctegece
ggtgctggag
cgggcggcac
gatgtgggac
ggtgtggcag
gacgccgcceg
cctgctgece
caagcgcccg

15

rgwadllatr
pkcdmarvrd
gavvvdlyga
pgwvtrrtad

gtcgecegteg
cgtggctggg
gccaacctgg
gccgeecgeca
cccaagtgeg
ccgcactgeg
cgcttcegge
ggcgccgtag
gtggaccggc
tcgeteggee
€cggggtggg
tggataggcc
gacctgctgce

maarspgfry
lltqaverla
gsladprmwd
vrfarqhllp

gcgactectt
ccgacctcect
cggtgcgegy
tgggagccga
acatggcccg
agcagctggt
ccecgecatgga
tcgtecgacct
tgcacctgac
acgagcccga
tgacgcgeag
gcaggctgac
cctacgagga
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anlavrgkli’
phceqlvlimr
vdrlhltaeg
wigrrltgrs

caccgagggc
cgccacccgg
gaagctgatc
cgtgatcacg
ggtgcgggac
gctgatgcege
ggcecctgttc .
gtacggggce
c¢gccgaggge
ggaccccgag
gaccgcggac
cgggcgceteg
cceecgeacgg
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Figure 20 (SEQ ID No. 24)

61
121
181
241
301
361
421

mtrgrdggag
apastgawvg
vthasialaa
yspipsgpvt

afgdsitdga-

padnpsglsr
lrvvgatitp
ydsgdhlhpg

apptkhrall
awatapaaae
gpdtaaaiad
yhpqargtsy
rsgsdanhxrw
fgrdvlertn
fggyggytea
dkgyarmgav

aaivtlivai
pagtettglag
tmrrltfggs
ladgdrtadv
tdvlaarxlhe
vkavvvvligv
retmrqgevne
idlaalkgaa

Figure 21 (SEQ ID No. 25)

961
1021
1081
1141
1201
1261
1321

atgacccggg
gcggegatceg
gacgacggca
gccceegegt
ccgggcaccg
gtcggcggea
gtcacacacg
accatgcgcec
gtgatgagcg
tactccceca
ctggccgacg
tactggcgcet
gcgtteggeg
accgacgtcc
tacagcgtceg
ccggecegaca
gtcaaggccg
gaccgcgacg
ctgcgggteg
cgcgagacga
gtcgtegact
tacgacagcg
atcgacctgg

gtcgtgacgg
tcaccctgat
gcagggacca
ccaccggtge
agacgaccgg
ccggegegeg
cctcgatcge
ggctcacctt
acaccgcccg
tcecegtecgg
gcgaccgcac
acctgaccgce
actccatcac
tcgcegeacyg
tcaacgaggg
acccgagcgg
tcgtcgtcegt
ccatcctgac
tcggcgeccac
tgcggcagga
tcgacaaggc
gcgaccacct
ccgcgetgaa

g999tgcaggyg
agtggcgatc
cgcgetgeag
ctgggtgggce
cctggeggge
gatcaccctce
cctggcegee
cggcggcage
cctegecate
gceggtgace
ggcggacgte
cctegacgtg
cgacggcgece
cctgecacgag
catcagcgge
actgagccgg
ccteggegte
cggcctgege
gatcacgccg
ggtcaacgag
cctgecgegac
gcacccecggce
gggcgcggeg

16

saaiyagasa
rsvrnvvhts
arviipaggq
tavayttptp
aagdgrdtpr
ndvlaspela
eirsgrvfdt
pvka

gcgeccceca
tcegeggeea
gccggaggce
gcctgggeca
cgctecegtge
tcgaacctgt
gggcccgaca
gccegggtga
ccctacgggyg
taccatcege
accgccgteg
ctgagccacg
cgctcgcaga
gcggcgggeg
aaccggctce
ttccageggg
aacgacgtcc
accctegteg
ttcggegget
gagatceget
ccgtacgacce
gacaaggggt
ccggtcaagg

ddgsxdhalq
vggtgaritl
vmsdtarlai
ywryltaldv
ysvvnegisg
drdailtglr
vvdfdkalrd

ccaagcaccg
tatacgcegg
gtctcccacg
ccgecaccgge
gcaacgtcgt
acgggcagtc
ccgeegecge
tcatccegge
cgaacgtcct
aggcccggca
cgtacaccac
aggcecgacgg
gcgacgccaa
acggccggga
tgaccagcag
acgtgctgga
tgaacagcce
accgggcgea
acggcggcta
ccggcegggt
cgcgecggat
acgcgcgcat
cgtag
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aggrlprgda
snlygqgsplt
Pyganvlvtt
lsheadgtvv
nrlltsrpgr
tlvdraharg
pydprrmrsd

tgccctgetce
agcgtccgeg
aggagacgcc
cgcggecgag
gcacacctcg
gccgetgacce
gatcgcegac
gggcggecag
ggtcaccacg
gaccagctac
ccccacgece
cacggtcgtg
ccaccgetgg
cacgccecge
gccggggegg
acgcaccaac
ggaactcgce
cgcccgggga
caccgaggcc
cttcgacacg
gcgctcecgac
gggcgcggte



Figure 22 (SEQ ID No. 26)

1
61
121
181
241
301

Figure 23 (SEQ ID No. 27)

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
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mtsmsrarva
yggtlptagd
acsddldrqv
vvgtcpdlgt
eligpdnyhp
eagtevaaam

atgacgagca
ggcggcggea
ctggccagac
tacggcggca
tccacggeeg
tcecgggeteg
gcgtgetegg
cccgacatct
cgcteggtge
gtggtcggea
ctggceccgge

ggcgggegea®

gagctcttceg
gcggtactge
gacgcgetge
gaggcgggta
ctgaagcgcece
tga

rriaagaayg
pplrimmligd
alvlaepdrv
iervrgplrw

gggiglagaa
staagggvhr
pdicvimvga
larrasrqla

saegyataam avlpsvcaal

ptgprgpwal

tgtcgagggce
teggectgge
gcagggtggyg
ccctgeccac
ccgggcaggg
cggcggtgge
acgacctgga
gcgtgatcat
ggcacctgtc
cctgtccgga
gggcctcacg
cggtgtcgct
gccccgacaa

ccteggtgtg:-

gccgegaggg

cggaggtcgce’

ggagacggcg

lkrrrrrrvs

gagggtggcg
gggagcggcg
ggtgggcacg
ggcecggegac
cgtgcaccegg
ggagcggceeg
cecggcaggtg
ggtcggcgec
ctcggcggta
cctgggcacg
gcagctcgeg
gggcgacctg
ctaccaccce
cgcecgegete
cttcctgeeg
cgccgcecatg
tcgggtgteg

17

avglvvaevq
agqgtpgalla
ndvthrmpat

-aaqtigaveq

glwpadeehp
eaepsspsgv

cggcggateg
gcggtcggte
ccgacceggg
ccgeegetge
gccgggeaga
gtgcggctgg
gcgetggtge

aacgacgtca-

cggeggetge
atcgagcggg
gcggcacaga
ctgggtccegg
tccgecegagg
ggcctgtggce
gtggcgegeg
cctacggggce
gaggcggaac

larrrvgvgt
sglaavaerp
rsvrhlssav
ggrtvslgdl
dalrregflp

cggecggcge
tggtggtgge
tgccgaacge
ggctgatgat
c¢gecgggege
ggtcggtege
tcgcegagece
cccaccggat
gcacggccgg
tgcggcagece
ccatcggcge
agttcgcgea
ggtacgcecac
cggccgacga
€ggcggcgga
ctcgggggcee
cgtccageee
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ptrvpnaqgl
vrlgsvaqpg
rrlrtagaev
lgpefagnpr
varaaaeaas

ggcgtacgge
cgaggtgcag
gcagggactg
gctgggegac
gctgetggeg
ccagcecgggg
ggaccgggtyg
gcecggegace
tgcggaggtg
gctgcgetgg
cgtcgagcag
gaacccgcgg
ggccgcgatg
ggagcacccg
ggcggegtec
ctgggcgetg
gtececggegtt
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Figure 24 (SEQ ID No. 28)

61
121
181
241
301

mgrgtdqrtr
tspasvaavg
vtgarmadlt
klpkagvyvs

rvadynevlr-

taknp

ygrrrarval
dsitrgfdac
agvtraaqre
sipdlkrlws
evcakdrrcr

aaltaavigv
avlisdcpevs
pelvavmaga
ggrtnplgkq
sddgavhefr

Figure 25 (SEQ ID No. 29)

o1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

atgggtcgag
gcegeectga
gactcacccg
accagcccgg
gcggtgetgt
tegetggecg
gtcaccgggyg
ccggagetgg
atgacgccgg
aagctccceca
cagggcegea
ctgggcgacg
cgggtggcgg
agcgacgacg

tggttccacc

accgcgaaga

ggacggacca
ccgecgeegt
ctectteegg
cgteegtege
cggactgcce
tacggctgcet
cccggatgge
tggcggtgat
tggcggactt
aggcgcaggt
ccaacccgcet
cggactcect
actacaacga
gcgcggtgcea
cgagtgtgga
atccctga

gcggacgegg
cctgggegtg
cagccegteg
cgeegtggge
ggaggtgteqg
ggggaaggcg
ggacctgacc
ggccggggcg
ccgggcgeag
gtacgtgtcg
gggcaagcag
ggactcggeg
ggtgctgcegg
cgagtteccgg
cggccaggece

18

gvagcdsvgg
watgssakvd
ndacrsttsa
vwklglcpsm
fgtdglshwd

tacggcegte
ggcgtggegg
aagcggacga

gactccatca-

tgggcgaccg
gacgcggccg
gctcaggtga
aacgacgcgt
ttcgaggagg
agcatcccgg
gtgtggaage
gcgaccctge
gaggtctgeg
ttcggcacgg
cggctggegg

dspapsgsps
slavrllgka
mtpvadfraq
lgdadsldsa
wfhpsvdgqga

gcegggegeg
gctgcgactc
ggacggcgcec
cgecgeggett
gcagcagcge
agcacagctg
€gcgggegge
gcecggtecac
cgatggccac
acctcaagcg
tcggectgtg
ggcgcaacac
cgaaggaccg
accagttgag
agatcgcecta

PCT/IB2004/000575

krtrtapawd
daaehswnya
feeamatlrk
atlrrntvrd
rlaeiayrav

tgtegegete
cgtgggegge
cgcctgggac
cgacgcctgt
gaaggtcgac
gaactacgcg
gcagcgegag
gacctcggeg
cctgcgeaag.
gctetggtce
ccegtegatg
ggtgcgegac
gcggtgcege
ccactgggac
ccgegeggte



Figure 26 (SEQ ID No. 30)

61
121
181
241

Figure 27 (SEQ ID No. 31)

121
i81
241
301
361
421
481
541
601
661
721
781
841
901
861
1021
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mrlsrraata
ckrstksypa
adtmttcnlq
lggscavgls
vtlpvensyh

ttcatcacaa
gacaagcctt
gggaggttcc
ggegetegeg
ctacgtggcce
cagtggctcc
cggtacgcgg
gcagctgacc
cgcgggettce
gcggatcgec

ctacgacgcce .

cttctacaag
caacgccgcece
cgcetteggg
gctgcacagce
caagggctac
cgaagtccceg
gccggtggee

sallltpala
lwaashtgtr
gesaclaria
eksraainaa
ptanggskgy

cgatgtcaca
cccgtgacga
atgagactgt
ctctteggeg
ctcggcgact
tgtaagcgea
ttcaacttca
ccggtcaact
gccgacacca
aaggcgcgeg
atcgacagcc
ctgggcggea

gccgacgaca

gacgtcaaca
gtcacccttc
ctgcecgtee
cccccgggcg
ccgcecgtacg

1fgasaavsa
fnftacsgar
karayiqqtl
addinavtak
lpvlnsat

acaccggcca
aagggtcctg
cccgacgege
cgagcgecge
cctactcectc
gcaccaagtc
ccgectgtte
ccggcaccga
tgaccacctg
cctacatcca
gggcecccge
gctgegecgt
tcaacgcegt
cgaccttcge
ccgtggagaa
tgaactcege
gggcttcgee
tgccgecegee

19

priqatdyva
tgdvlakglt
pagldqvyda
raadhgfafg

tcecgggteat
ctacatcaga
ggccacggceg
cgtgtcegeg
gggggtcgge
ctacccggec
gggcgceccge
cctggtcage
caacctccag
gcagacgctg
agcccaggte
cggtctcteg
caccgccaag
cgggcacgag
ctcctaccac
cacctgatct
gtaggtgege
cccggacgcg

lgdsyssgvg
pvnsgtdlvs
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agsydsssgs
itiggndagf

idsrapaaqv vvlgyprfyk

dvnttfaghe

ccctgatcgt
aatgacagaa
tcegegetee
ccgcgaatcce
gcgggeaget
ctgtgggecg
acaggagacg
attaccatcg
ggcgagagcg
ccegeccage
gtcgtectgg
‘gagaagtccc
cgcgecgeeg
ctgtgctceg
cccacggceca
cgcggctact
gtaccgcegt
gtecggtte

lcsgapwlhs

gggaatgggt
atcctgctca
tcctecacccee
aggccaccga
acgacagcag
cctecgecacac
tgctggcecaa
gcggcaacgd -
cgtgectgge
tggaccaggt
gctacccgeg
gcgeggecat
accacggctt
gcgececectg
acggacagtc
ccgecectga
cgcecgtcge
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Figure 28 (SEQ ID No. 32)

1

51
101
151
201
251
301

MKKWFVCLLG LVALTVQAAD SRPAFSRIVM FGDSLSDTGK MYSKMRGYLP
SSPPYYEGRF SNGPVWLEQL TKQFPGLTIA NEAEGGATAV AYNKISWNPK
YQVINNLDYE VTQFLQKDSF KPDDLVILWV GANDYLAYGW NTEQDAKRVR
DAISDRANRM VLNGAKQILL FNLPDLGQNP SARSQKVVER VSHVSAYHNQ
LLLNLARQLA PTGMVKLFEI DKQFAEMLRD PONFGLSDVE NPCYDGGYVW
KPFATRSVST DRQLSAFSPQ ERLAIAGNPL LAQAVASPMA RRSASPLNCE
GKMFWDQVHP TTVVHAALSE RAATFIANQY EFLAH*

PCT/IB2004/000575
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Figure 29 (SEQ ID No. 33)

1
51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001

ATGAAARAAT GGTTTGTGTG TTTATTGGGA TTGGTCGCGC TGACAGTTCA
TACTTTTTTA CCAAACACAC ARATAACCCT ARCCAGCGCG ACTGTCAAGT

GGCAGCCGAC AGTCGCCCCG CCTTTTCCCG GATCGTGATG TTCGGCGACA
CCGTCGGCTG TCAGCGGGGC GGARAAGGGC CTAGCACTAC AAGCCGCTGT

GCCTCTCCGA TACCGGCAAA ATGTACAGCA AGATGCGCGG TTACCTCCCC
CGGAGAGGCT ATGGCCGTTT TACATGTCGT TCTACGCGCC AATGGAGGGG

TCCAGCCCGC CCTACTATGA GGGCCGTTTC TCCAACGGAC CCGTCTGGCT
AGGTCGGGCG GGATGATACT CCCGGCAAAG AGGTTGCCTG GGCAGACCGA

GGAGCAGCTG ACCAAACAGT TCCCGGGTCT GACCATCGCC AACGAAGCGG
CCTCGTCGAC TGGTTTGTCA AGGGCCCAGA CTGGTAGCGG TTGCTTCGCC

AAGGCGGTGC CACTGCCGTG GCTTACAACA AGATCTCCTG GAATCCCAAG
TTCCGCCACG GTGACGGCAC CGAATGTTGT TCTAGAGGAC CTTAGGGTTC

TATCAGGTCA TCAACAACCT GGACTACGAG GTCACCCAGT TCTTGCAGAA
ATAGTCCAGT AGTTGITGGA CCTGATGCTC CAGTGGGTCA AGAACGTCTT

AGRACAGCTTC ARGCCGGACG ATCTGGTGAT CCTCTGGGTC GGTGCCAATG
TCTGTCGAAG TTCGGCCTGC TAGACCACTA GGAGACCCAG CCACGGTTAC

ACTATCTGGC CTATGGCTGG AACACGGAGC AGGATGCCAA GCGGGTTCGC
TGATAGACCG GATACCGACC TTGTGCCTCG TCCTACGGTT CGCCCAAGCG

GATGCCATCA GCGATGCGGC CAACCGCATG GTACTGAACG GTGCCAAGCA
CTACGGTAGT CGCTACGCCG GTTGGCGTAC CATGACTTGC CACGGTTCGT

GATACTGCTG TTCAACCTGC CGGATCTGGG CCAGAACCCG TCAGCTCGCA
CTATGACGAC AAGTTGGACG GCCTAGACCC GGTCTTGGGC AGTCGAGCGT

GTCAGAAGGT GGTCGAGGCG GTCAGCCATG TCTCCGCCTA TCACAACCAG
CAGTCTTCCA CCARGCTCCGC CAGTCGGTAC AGAGGCGGAT AGTGTTGGTC

CTGCTGCTGA ACCTGGCACG CCAGCTGGCC CCCACCGGCA TGGTAAAGCT
GACGACGACT TGGACCGTGC GGTCGACCGG GGGTGGCCGT ACCATTTCGA

GTTCGAGATC GACAAGCAAT TTGCCGAGAT GCTGCGTGAT CCGCAGAACT
CAAGCTCTAG CTGTTCGTTA AACGGCTCTA CGACGCACTA GGCGTCTTGA

TCGGCCTGAG CGACGTCGAG AACCCCTGCT ACGACGGCGG CTATGTGTGG
AGCCGGACTC GCTGCAGCTC TTGGGGACGA TGCTGCCGCC GATACACACC

ARGCCGTTTG CCACCCGCAG CGTCAGCACC GACCGCCAGC TCTCCGCCTT
TPCGGCAARC GGTGGGCGTC GCAGTCGTGG CTGGCGGTCG AGAGGCGGAA

CAGTCCGCAG GAACGCCTCG CCATCGCCGG CAACCCGCTG CTGGCACAGG
GTCAGGCGTC CTTGCGGAGC GGTAGCGGCC GTTGGGCGAC GACCGTGTCC

CCGTTGCCAG TCCTATGGCC CGCCGCAGCG CCAGCCCCCT CAACTGTGAG
GGCARCGGTC AGGATACCGG GCGGCGTCGC GGTCGGGGGA GTTGACACTC

GGCAAGATGT TCTGGGATCA GGTACACCCG ACCACTGTCG TGCACGCAGC
CCGTTCTACA AGACCCTAGT CCATGTGGGC TGGTGACAGC ACGTGCGTCG

CCTGAGCGAG CGCGCCGCCA CCTTCATCGC GAACCAGTAC GAGTTCCTCG
GGACTCGCTC GCGCGGCGGT GGAAGTAGCG CTTGGTCATG CTCAAGGAGC

CCCAC TGA
GGGTG ACT

PCT/IB2004/000575



WO 2004/064987

Figure 30 (SEQ ID No. 34)

101
151
201
251
301

MKEWFVCLLG LIALTVQAAD
SSPPYYEGRF SNGPVWLEQL
YQVINNLDYE VTQFLOKRDSF
DAISDAANRM VLNGAKQILL
LLLNLARQLA PTGMVKLFEI
KPFATRSVST DRQLSAFSPQ

22

TRPAFSRIVM FGDSLSDTGK MYSKMRGYLP
TKQFPGLTIA NEAEGGATAV AYNKISWNPK
KPDDLVILWV GANDYLAYGW NTEQDAKRVR
FNLPDLGQONP SARSQKVVEA VSHVSAYHNK
DRQFAEMLRD PQONFGLSDVE NPCYDGGYVW
ERLAIAGNPL LAQAVASPMA RRSASPLNCE

GKMFWDQVHP TTVVHAALSE RAATFIETQY EFLAHG*
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Figure 31 (SEQ ID No. 35)
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ATGAAAPART GGTTTGTTTG TTTATTGGGG TTGATCGCGC TGACAGTTCA
TACTTTTTTA CCAAACAAAC RRATAACCCC AACTAGCGCG ACTGTCAAGT

GGCAGCCGAC ACTCGCCCCG CCTTCTCCCG GATCGTGATG TTCGGCGACA
CCGTCGGCTG TGAGCGGGGC GGAAGAGGGC CTAGCACTAC AAGCCGCTGT

GCCTCTCCGA TACCGGCAAR ATGTACAGCA AGATGCGCGG TTACCTCCCC
CGGAGAGGCT ATGGCCGTTT TACATGTCGT TCTACGCGCC AATGGAGGGG

TCCAGCCCGC CCTACTATGA GGGCCGTTTC TCCARCGGAC CCGTCTGGCT
AGGTCGGGCG GGATGATACT CCCGGCAAAG AGGTTGCCTG GGCAGACCGA

GGAGCAGCTG ACCAAGCAGT TCCCGGGTCT GACCATCGCC AACGAAGCGG
CCTCGTCGAC TGGTTCGTCA AGGGCCCAGA CTGGTAGCGG TTGCTTCGCC

ARGGCGGTGC CACTGCCGTG GCTTACAACA AGATCTCCTG GAATCCCAAG
TTCCGCCACG GTGACGGCAC CGAATGTTGT TCTAGAGGAC CTTAGGGTTC

TATCAGGTCA TCAACARACCT GGACTACGAG GTCACCCAGT TCTTGCAGRA
ATAGTCCAGT AGTTGTTGGA CCTGATGCTC CAGTGGGTCA AGAACGTCTT

AGACAGCTTC AAGCCGGACG ATCTGGTGAT CCTCTGGGTC GGTGCCAATG
TCTGTCGAAG TTCGGCCTGC TAGACCACTA GGAGACCCAG CCACGGTTAC

ACTATCTGGC ATATGGCTGG AATACGGAGC AGGATGCCAA GCGAGTTCGC
TGATAGACCG TATACCGACC TTATGCCTCG TCCTACGGTT CGCTCAAGCG

GATGCCATCA GCGATGCGGC CRACCGCATG GTACTGAACG GTGCCAAGCA
CTACGGTAGT CGCTACGCCG GTTGGCGTAC CATGACTTGC CACGGTTCGT

GATACTGCTG TTCAACCTGC CGGATCTGGG CCAGAACCCG TCAGCCCGCA
CTATGACGAC AAGTTGGACG GCCTAGACCC GGTCTTGGGC AGTCGGGCGT

GTCAGARGGT GGTCGAGGCG GTCAGCCATG TCTCCGCCTA TCACAACAAG
CAGTCTTCCA CCAGCTCCGC CAGTCGGTAC AGAGGCGGAT AGTGTTGTTC

CTGCTGCTGR ACCTGGCACG CCAGCTGGCC CCCACCGGCR TGGTARAGCT
GACGACGACT TGGACCGTGC GGTCGACCGG GGGTGGCCGT ACCATTTCGA

GTTCGAGATC GACAAGCAAT TTGCCGAGAT GCTGCGTGAT CCGCAGAACT
CAAGCTCTAG CTGTTCGTTA AACGGCTCTA CGACGCACTA GGCGTCTTGA

TCGGCCTGAG CGACGTCGAG AACCCCTGCT ACGACGGCGG CTATGTGTGG
AGCCGGACTC GCTGCAGCTC TTGGGGACGA TGCTGCCGCC GATACACACC

AAGCCGTTTG CCACCCGCAG CGTCAGCACC GACCGCCAGC TCTCCGCCTT
TTCGGCAAAC GGTGGGCGTC GCAGTCGTGG CTGGCGGTCG AGAGGCGGAA

CAGTCCGCAG GAACGCCTCG CCATCGCCGG CAACCCGCTG CTGGCACAGG
GTCAGGCGTC CTTGCGGAGC GGTAGCGGCC GTTGGGCGAC GACCGTGTCC

CCGTTGCCAG TCCTATGGCC CGCCGCAGCG CCAGCCCCCT CAACTGTGAG
GGCAACGGTC AGGATACCGG GCGGCGTCGC GGTCGGGGGA GTTGACACTC

GGCAAGATGT TCTGGGATCA GGTACACCCG ACCACTGTCG TGCACGCAGC
CCGTTCTACA AGACCCTAGT CCATGTGGGC TGGTGACAGC ACGTGCGTCG

CCTGAGCGAG CGCGCCGCCA CCTTCATCGA GACCCAGTAC GAGTTCCTCG
GGACTCGCTC GCGCGGCGGT GGAAGTAGCT CTGGGTCATG CTCAAGGAGC

CCCACGGATG A
GGGTGCCTAC T
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Figure 32
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Figure 33
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